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INSECT CONTROL IN SHELTERBELTS ON THE GREAT PLAINS 


By 


N. D. Wygant 
Assistant Entomologist 
Bureau of Entomology and Plant Quarantine 
U. 5. Department of Agriculture 


INTRODUCTION 


The recent undertaking of the Shelterbelt Project in the Plains 
States by the Forest Service of the United States Department of 
Agriculture is resulting in the establishment of hundreds of miles of 
shelterbelt strips distributed from northern Texas to the Canadian 
line. An important consideration in the care of the trees on these 
strips is their protection from injurious forest insects. Successful 
centrol of insect pests often depends upon early recognition of the 
insect causing the damage and upon prompt application of control 
measures. This manual has been prepared to acquaint the field men with 
the various types of damage, and to furnish information that will assist 
in the recognition and control of the more important insects. Only the 
more common insects or those likely to be wf economic importance have 
been discussed, although undoubtedly other species will be encountered. 
Unusual insect infestations or problems on shelterbelt strips should be 
brought to the attention ef the Bureau of Entomology and Plant Quarantine 
so that investigations may be made. 


There is need for considerable experimental work on the control 
of certain of the forest insects that have been discussed herein. The 
control measures listed, however, are the most effective methods known . 
at the present time. When more detailed information is available on 
insects damaging shelterbelt plants, and experiments with control have 
been completed, it will be pessible to revise and improve the present 
manual. 


Fer convenicnce the insects most likely to damage trees on 
sholterbelt strips have been grouped according to their feeding habits 
under the following headings: Defoliating insects, boring insccts, 
root-feeding insects, bark-girdling insects, and sap-feeding insects, 
These groups are subdivided as listed in the table of contents. 
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DEFOLIATING INSECTS 


mn eo ee 


CATERPILLARS: 


Caterpillars are the larvae or immature forms of butterflies 
end moths. They are generally cylindrical in shape, and the body is 
composed sf thirtcon segments besides the head. Each of the first 
three, or the thoracic, segments bears a pair of jointed logs 
terminating in a single claw. Tho abdominal scgmonts boar typically 
five pairs of unjointed, fleshy projoctions called "prolegs," one pair 
each on the third, fourth, fifth, sixth, and tonth segments, With 
some specics, such as the cankerworms, certain pairs of these prologs 
arc missing. The prolegs are armod with fine hooks, known as "crochcts," 
which assist in gripping the leaf or branch. Since caterpillars have 
chewing mouth parts, the usual recommendation for the control of these 
pests is to apply a stemach poison, such as lead arscnato, to the 
foliage of the hest. This poison is taken into the digestive tract 
with the feod. Ono and a half pounds of lead arsonate to fifty gallons 
of water is usually recommonded, although for more rcsistant spcecics 
or large specics that aro nearly full grown, a somewhat hoavicr dosago, 
two to three pounds to fifty gallons of water, is required. A sticker 
such as fish oi1 or linsecd oil, used at the rate of four ounces for 
cach peund of lead arsenate, will make the poison adhere to tho foliage 
fer a longor timo. 


The specics of caterpillars discussed in this paper aro roughly 
divided into four groups: Naked caterpillars, hairy caterpillars, 
Spiny caterpillars, and bagworms. This classification is mercly an 
arbitrary enc to assist in idontification, and there is considorable 
overlapping within the groups. The naked catcrpillars have oa few hairs 
on the body, but these arc inconspicuous. Placed in this group also 
aro sevoral large caterpillars with raised tuborcles or projections on 
the body but lacking a hairy covering. 


Naked Caterpillars 


Fall Cankerworm (Alsophila pomctaria Harr.) 
Spring Cankcrworm (Palcacrita vernata Peck) 


Tho cankcrworms belong to the family of loopers, also known as 
measuring worms, inchworms, or spanworms, and may be distinguished from 
other familics of catorpillars by the presonce of only two or three 
pairs of abdominal prolegs, in contrast to the five pairs on most 
caterpillars, While clm is the preferred host, many other species of 
trees are attacked. Dcfoliation takes place during May soon after the 
leaves come out. 


Thore are two common specios of cankerworms in this region, the 
fall cankerworm and the spring cankerworm., They commonly work togothor 
and it is often difficult to distinguish botweon thom, 
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The wingloss fomale adults of the fall cankerworm cmorge from 
the soil during the warm days of fall following freezing weather (some 
may not emerge until spring) and crawl up the tree to lay their eggs 
in clusters on branches or trunk. The eggs remain on the trees over 
winter and hatch about the time the apple blossoms appear in May. After 
a month the caterpillars reach maturity and go into the soil, where they 
pupate in cocoons. There is one generation a year. . 


The female adults of the spring cankerworm, which are also 
wingless, do not emerge until early spring, during the first warm 
weather, Like the females of the fall cankerworm, they crawl up the 
trunks of trees and deposit their eggs in bark crevices. The eggs 
hatch and the larvae mature about the samo time as in the case of the 
fall cankerworm, The caterpillars pupate im cells made in the soil but 
do not spin a cocoon, The pupae remain in these cells until the 
following spring, when the adults emerge. 


The following table will serve to differentiate the two species 
in the various stages: 
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Stage : Fall Cankerworm : Spring Cankerworm 


° 
A A Nm en ee rk 





HEE seccscesccceet begs flowerpot-shaped and .: Eggs oval and deposited 
:.deposited in regular rows : in irregular mass 


LOrVGwsss gecassecs Lhres pairs of prologs : Two pairs of prolegs 
: (first pair reduced) ;- 
: usually with a dark, broad : 
line lengthwise on.back 


PUPGececcees eeeeet Opins silken cocoon : Spins no cocoon 
AdU1t..seceseceses: Abdomon without spines : Abdominal segments with 
: : double transverse rows 


ef rceddish-spincs 





The wingless female can be prevented from climbing the trees and 
depositing their eggs by placing sticky bands five to soven inches wide 
around the trees four or five feet above the ground. A commercial 
sticky tree-banding matcrial, a home-made mixture consisting of five 
pounds. ef resin and threo pints of castor oil, or a gypsy moth troc- 
banding matcrial such as was devcloped at the Department of Agriculture's 
Gypsy Moth Laboratory, can be used. The substance should be spread on a 
strip of paper wrappod around the tree, and cotton batting or similar 
material placed in the cracks betwoen the paper and the bark to prevent 
the insects from crawling under the barrier. Tho barricrs should be 
installed in September or carly October fer control of the fall canker- 
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worm and in february for the control of the spring cankerworm. The 
bands should be inspected daily or weekly, depending upon the weather 
and the abundance of the insects, and all the females and the winged 
males that may have been attracted to them, as well as the leaves and 
other debris caught in the band, should be removed. A sticky surface 
should be maintained on the barriers during the period of emergence 
and migration of the young larvae. 


Larvae feeding on the foliage can be controlled with a lead 
arsenate spray, 1 to 2s pounds to 50 gallons ef water plus 6 to 10 
ounces of linsecd oil or fish oil. 


Cecropia Moth 
(Samia cecropia Lie) 


The cecropia moth is the largest native species of the giant 
silkworms. Although not considered to be of economic importance over 
most of its range, during the pionecr days it occurred on the Great 
Plains in sufficient numbers to make tree growing difficult, It is 
a gonoral fecder, defoliating many species of trees and shrubs, and is 
widespread over the United States cast of the Rocky Mountains. 


The wings of the moths range in oxpanse from 5 to 7 inches. 
They arc a dusky brown in color, with a white band bordered outwardly 
with rod crossing the wings beyond the middlic, a red spot near the 
apex of the fore wing, and a crescent-shaped spot bordored with red 
near the center of cach wing. Tho moths are night flicrs and aro 
rarely scon in flight. 


The mature caterpillars are light bluish grceen and from 3 to 
l, inches long. Tho body is armed with six rows ef raiscd tubercles 
and two additional short rows on the sides of the first five segments. 
The tubercles on the second and third scgments are larger than tho 
others, and are coral red. The ethor dorsal ond lateral tubcorcles 
are yollow, cxcopt those on the prethorax and the last abdominal 
segments, which are blue. All tubercles aro armed with black bristles. 


The first larval stago is black, the second orange, tho third 
yellowish greon, and the last bluish green. All stages have the 
conspicuous tubercles. 


The wintor is passed in the pupal stage insido large, tough, 
thick, brown clongate cocoons attached to twigs or shrubs. The moths 
emerge soon aftor the leavos appear, in May or Juno in Nebraska, The 
moths soon mate and lay their oggs in small groups on the leaves of 
the hest, ond the cggs hatch in six to ton days. The larvac mature 
during the summer and spin their cocoons and pupate. There is one 
goneration a ycar. 


Ordinarily the larvac are heavily parasitized and are thus 
prevented from becoming numerous, The cocoons are casily collected 
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during the winter, when the leaves are not on the trceos or shrubs. The 
larvac can be poisoned when small with the usual dosages of lead 


arsonote, but whon largo, tho heavier dosage should bo uscd (sec page 
zy 


Polyphemus Moth 
(Tcloa polyphomus Cram.) 


This insect often attracts attention bocauso of its largo size, 
but it is rarely abundant onough to cause scrious damage. The larvac 
feed upon maple, boxcldcr, oak, walnut, clm, apple, plum, chokecherry, 
sand cherry, honoy locust, black locust, willow, and many other trees. 


The adult is a beautiful, large, yellowish or brovmish moth 
with a wing spread of four to fivo inches, Thero is o transparent 
windowlike spot in cach wing oneircled by ycllow and black rings, 
with the black ring on the hind wing much widoned, cspecially toward 


ft 


the basc. The moths are night flicrs and rarely scen. 


The caterpillar when mature is three or more inches long, and 
has seven obliquc pale-yollow lines on cach side, eno on cach sogment 
except the first and last. Each segment has six small orange-colored 
tuboreles. Tho spiracles, along the sides, aro pale orange. 


The pupac overwintcr in large, oval, tough silk cocoons, usually 
wrapped in a loaf on the ground or attached to a branch. The moths 
omorge in the spring and lay their suboval, somewhat flattencd oggs 
on tho leaves «f the host during June. The caterpillars mature and 
spin their cocoons the latter part of the summer. Thore is one 
goncration a scason. 


The caterpillars can be hand-picked on small trees, but when 
numerous, lead arsonatec should be applied while the larvae are small. 
For dosages of load arsenate to use sce pago 2. 


Greon-Striped Maple Worm 
Aoieote cubiounda Pens) 

At times, and in some localitics, the grcon-stripced maple worm 
appears in such abundance as to completoly dofeliate all soft maplcs 
and some hard maples, boxelders, and oaks, where thoy are near the 
soft maples. 


Tho moth is pale ycllow shaded with pink, but somo forms are 
nearly white with vory little pink. The fomale has a wing spread of 
nearly two inchos and her body is woolly in appearance. The male is 
somewhat smallor but similar in appearance. The ogg is about 1/25 inch 
in diamctor, slightly flattened, and pale greon, becoming yollowish 
before the larva hatches. 
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Tho larvae are hairless, pale yellow, and striped longitudinally 
with dark green. Back of the head, on the second thoracic segment, is 
a pair of long black horns, and on each side and at the posterior end 
of the body are a number of short, black, spinelike projections, The 
larvae are nearly two inches long when full grown, 


The winter is passed as a pupa in the ground, In May or June, 
depending on the locality, the moths emerge and lay their eggs in groups 
on the leaves. In about ten days the larvae appear, and after a month 
they become full growm and enter the soil to pupate. Two weeks later 
the moths emerge to lay eggs for the second generation. In the Northern 
States there may be one or two generations annually, while in the 
Southern States there may be three, 


The caterpillars are easily controlled, especially when young, 
with a lead arsenate spray, mixed at the rate of 15 or 2 pounds to 50 
gallons of water. 


HKawk Moths or Hornworms 


The larvae of the hawk meths er sphinx moths, generally known 
as hornworms, are common defoliators of trees in the Great Plains. 
Many are general feeders upon various species of plants. During the 
summer of 1935 ash was defoliated in parts of northern Nebraska, and 
South and North Daketa, probably by the white-lined sphinx (Celerio 
lineata Fab.) The poplar sphinx (Pachysphinx modesta Harris) is found 
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en cottonwood and other poplars and occasionally on willows. 
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The meths are stout-bodied insects with wings long, narrow, 
and very strong. They are very graceful and easily recognized. in 
general they are night fliers, but they may be found at twilight or on 
cool days hovering ever flowers as do hummingbirds. 


The smooth-skinned, naked caterpillars are easily recognized 
by the horn on the dorsal side of the eighth abdominal segment, near 
the anal end of the bedy. When not feeding they often rear the front 
end of the bodics in the air and curl their heads down. The larvac 
of some species are large, attaining a length of three sr more inches 
when mature. 


A general life cycle for this family is as follows: The winter 
is passed as pupae in the soil. Jn the spring the moths emerge and lay 
their eggs on the hsst. The larvae hatch and when mature go into the 
soil or under debris to pupate. There is one to several generations a 
year, depending upon spocific habits and the latitude. 


On shade trees the caterpillars can be hand-picked, but when 
numerous on shelterbelts, a lead arsenate spray of lig to 2 pounds to 
50 gallons of water plus 6 to 8 eunces of linseed or fish oil will 
control the young larvae. 
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Alfalfa Caterpillar 
Sova, euty thom Bays) 


This insect is particularly a pest of alfalfa, but during the 
summer of 1955 it was also observed defoliating Caragana in South 
Dakota. The caterpillars wore common here from the first of July to 
the middle of Septomber,. 


The caterpillars are smooth-skinned, grass grceon in color, with 
a white stripe running lengthwise on each side of the body, through 
watch runs a very narrow red line. When mature the larvac are nearly 
1s anches in length. 


During the summer the sulphur-yollow buttorflics (some may be 
nearly white), with a wing expansec of 1g to 2 inches, ore prevalent 
flying over alfalfa ficlds. The margins of tho wings are black with 
very narrow ycllowish-pink outer margins. Near the center of the fore 
margin of the front wings is a black spot approximately 1/16 inch in 
aiamotor, In a comparable position on the hind wing is a somewhat 
larger orange spot. 


The inscct passes the winter as a naked chrysalis or pupa on 
plants, cxcopt in tho coxtromo Southern States, where it may bo found 
in all stages during the winter months. 


in the spring tho butterflics lay their oggs on the leaves, and 
the eggs hatch in a fow days. Approximately two weeks after hatching 
the larvae are full grown. The caterpillars change to the pupal stago 
en the host plant without spinning a cocoon. The anal end of the 
chrysalis is attached to tho stalk, and a loop of silk throvm around 
the body a little above tho middle holds it upright. Theo buttorflics 
emerge five to sovon days after pupation. In the Soutmvesteorn States 
there are from five to soven gonornations a yoar, and probably at least 
two occur in the northern part of the insect's range. 


An arscnicel spray will poison tho caterpillars, but thero is 
always danger of the Caragana being reinfested by the butterflics 
emerging from the alfalfa fiolds. Control of this inscct in the 
alfalfa fields consists of cutting thom clean so that there is not 
sufficicnt leaf growth to support the caterpillars to maturity, 
pasturing where possible, discing in the fall to kill overwintering 
pupac, and oliminating voluntecr host plants around the ficlds which 
serve as breeding places. 


Hairy Catorpillars: 


Cottomvood Dagger Moth 
(Acronicta populi Rilcy) 


The caterpillars of the cottomvood dagger mcth may complctcoly 
defoliate yeung cettomvood and willow trees. The larva is yollowish 
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green and covered with numerous soft, bright yellow hairs. Some of 
the body segments bear long tufts of black hairs on the top. 

Generally there are five of these tufts, but the number varies from 
three to six. The head is shiny black with a white inverted V on the 
front. During the day the caterpillars lie curled up on the underside 
of the leaves. When full grown, having a length of approximately 1S 
inches, they crawl into debris or cracks and spin silken cocoons 
intermixed with hairs from their body and change to the pupal stage. 


The moths are night fliers of the family Noctuidae. Their wings 
are white and finely peppered with tiny dark spots, which gives them a 
pale gray appearance. They are marked with a series of small black 
spots on the fringes, one spot between each vein or nerve, There are 
also larger spots on other portions of the front wings. 


In Nebraska there are two generations a year, the caterpillars 
from the first generation appearing in June, and those from the second 
generation in September or October. 


For control, the foliage may be sprayed with lead arsenate at 
1$ to 2 pounds to 50 gallons of water and 6 to 8 ounces of fish or 
linseed oil. 


Eastern Tent Caterpillar 
(Malacosoma americana Fab.) 


This insect attacks cherry, including chokecherry and sand 
cherry, apple, plum, peach, and rarely willow, poplar, oak, and other 
forest trees, In some years the insect is abundant and causes 
considerable defoliation, in other years it is scarce. 


The moths are dull reddish brown with two light oblique parallel 
lines on the front wings. The wing spread of the female is 1$ to 2 
inches. That of the male is somewhat less. 


The caterpillars are nearly black, with a white longitudinal 
dorsal line, and dots of blue and white along the side. The bodies 
are sparsely clothed with long, soft, yellowish hairs. The caterpillars 
are nearly tvo inches long when mature, 


The winter is passed in the egg stage on twigs. Soon after the 
buds burst in the spring, tho eggs hatch and the larvae bogin fecding 
on the new foliage. They make a tent of silk in the crotch of a branch, 
and from this tent they wander out on the branches for food. After 
four to six weeks, when the caterpillars reach maturity, they leave the 
tent and spin their cocoons in bark crevices, in the grass, or similar 
places, where they change to the pupal stage. The cocoons are covered 
with a yellow sulphurlike powder. In about three weeks after pupation 
the moths omerge and lay thoir oggs in a mass that completely encircles 
the twig. There is one generation a year. 
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This insoct can be controlled by collecting and destroying the 
overwintoring oggs, destroying the caterpillars when they are at_rest 
in the tents, or with an application of a load arsonate spray, 14 
pounds of load arsenate, 50 gallons of water, and 6 ounces of linseed 


Cis er Ttah ioik. 


Forest Tont Caterpillar 
(Malacosoma disstria Hbn.) 


The forest tent caterpillar is common throughout North Amorica, 
ond is a gonoral feoder on many spccios of forest, shade, and fruit 
trees, In cortain yoars it-causes scrious defoliation, but it is 
goncorally held down by its natural onomics and other difficultics. 


The moths arc similar in size, shapo, and color to those of 
the castcrn tont caterpillar, but can bo distinguished from them by 
the two oblique parallel lines on the fore wings, which aro darkor 
than Vie (Ines 4 The comparable lines on the wings of the castern 
tent caterpillar are lighter than tho background. 


The mature catorpillars, which are nearly two inches long, vary 
in color from bluish gray to bluish black. They aro similar te the 
larvac of the eastern tent caterpillar, but can be distinguished by 
tho row of diamond-shaped or oval white spots down the back, The 
castorn tent catcorpillar has an unbrekon line dewm tho back. 


Tho cggs aro laid in masses, cach containing from 100 to 00 
cggs, encircling the twigs and covered with a brewnish material. The 
ends of the massos are abruptly cut off, thus diffcring from the ogg 
masses of the casteorn tont caterpillar, which are more oval in outline 
and have sloping cdges. 


The winter is passed in tho cg¢ stage. With the first warm 
weather in spring, ofton before the buds burst, the cggs hatch, and 
With the oponing of the Tolinge the larvac begin feedings, The larvac 
do not spin a silken tent, as the name implics, but are grogarious 
during the carly stages, frequently congrogating in large groups to 
rest or molt. During the lator stagos thoy foed and wandor scparatcly. 
In about six weeks tho larvac arc full growm and spin their cocoons, 
which are coverod with a sulphurlike antes on lcoaves, bark, fonce posts, 
rocks, otc. The moths ragga and lay their cges during June and July. 
The larva forms inside tho cgg during the summor, but docs not hatch 
until the following spring. 


Collecting the cgg masses or dcostroying the congregated larvac 
will oid in control, but a lead arsonate spray, 1G to 2 pounds to 50 
gallons of water, plus 6 te 8 ounces of linsced or fish oil, is most 
effeetive,.. It should bo applied while the catorpillars are small. 
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Fall Webworm 
(Hyphantria cunea Drury) 

The fall webworm is widely distributed over the United States 
and Canada, and is recorded from a large number of hosts, including 
forest, shade, and fruit trees, Cottonwood and boxelder are often 
heavily infested in the Plains States, The dirty white webs or tents 
in which the caterpillars feed are conspicuous on the trees during 
the summer and early fall, 


The moth is clothed with soft hairs, has a wing expanse of 1s 
to 1 3/, inches, and varies in coloration from pure white to white with 
brown or black spots. The bases of the front legs are orange or 
bright red. 


When first hatched, the small caterpillars are pale yellow with 
black heads and two rows of black marks along the bedy. The full grown 
larvae are about one inch long and appear pale yellowish or greenish, 
with a broad dusky stripe dowm the back and a yellew one along cach 
side, They are covered with rather long whitish, yellowish, or brovmish 
hairs, which arise from a series of black and orange-yellew tubercles. 
The larvae vary greatly in depth of coloring and in their markings. 


The eggs are globular, yellowish, and adorned with regular pits. 
They are laid en leaves in masses of 00 to 500 interspersed with 
hairlike scales. In one to two weeks, depending upon the weather, the 
eggs hatch and the larvae from ene egg mass spin a web of silk enclosing 
the caterpillars and some foliage. As the larvae grow they increase 
the size ef their web to enclose mere foliage. No feeding is done 
outside of this sheltor. This web, enclosing onc to several branches, 
is very conspicuous and unsightly owing to the excrement, cast larval 
skins, and brovm foliage that collects within. In about a month the 
caterpillars are mature and they wander from their web (some may remain 
in the old web) in search of protected places to pupate, such as in 
debris or bark crevices. The larvae of tho fall genoratien may ge a 
short distance into the soil te pupate, In northern Nebraska and in 
South and North Dakota there is ene generation a scason, but farther 
south there arc two or more gonerations a year, 


The date of the emergence of the moth from the evorwintering 
pupa varices from May to July, according to the lecality. The webs 
arc most common during August and September. 


When the web enclosing the young larvae is small, the branch 
can be cut and destroyed, When such measures are not possible, a 
thorough spraying with lead arscnate around the wobby nests while the 
caterpillars aro small -- se that this foliage will be onclosed and 
eaten as the nest is cxtended -- is an offective methed ef control. 


Walnut Caterpillar 
(Datana intogerrima G. and R.) 


Walnut trees growing in the opon as shade trecs are most subject 
to defoliation by this insect. Black walnut is the preferred host, but 
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butternut, pecan, hickory, and possibly othcor species arc also attacked. 


The newly hatched larvac have black hoads and faintly stripod 
brickred bodies. As tho larvac grow their bodics become darker and the 
lines more distinct, but when full grown the lines are again indistinct 
and their bodics black, covered with long, dirty gray, frowzy hair. 

The mature caterpillars are slightly more than two inches long. 


The fore wings of the moth are buff brown with four irrogular 
darker transverso lincs. The hind wings aro lighter in color and have 
no markings. The adult has a heavy body and a wing spread of nearly 
two inches. 


In the northern Shelterbelt States the moths cmorgeo in July, 
but in the Southern States they appoar considerably carlicr. <A fow 
days after omergenco cggs are deposited in masses of several hundrod 
on tho undersides of tho leaves. In cight to ten days the eggs hatch 
and the larvac begin feeding on tho undersurface of the leaves, but 
soon devour ontire leaves. The larvao food grogariously until the 
last few days of development, when thoy separate and wander. At 
molting time tho larvaoc from one group assemblo at one spot, usually 
on the trunk of tho tree, and there shed their skins. This hairy 
compact mass of cast skins held together with silk threads romains 
attached to the tree for some time. When the larvae are disturbed. 
they suddenly clevate both ends of their bodics in a threatening 
attitude. The caterpillars are present during July, August, and part 
of Scptomber. In the Northern States there is only one gencration a 
year, while probably two occur in the South. Whon mature the larvac 
onter the soil and pass the winter in the pupal stage. 


When the caterpillars congregate to molt, they can be destroyed 
by crushing, or they can be poisoned on the foliage in their younger 
stages with load arsenate at the rate of 1% to 2 pounds to 50 gallons 
of wator plus 6 to 8 ounces of linsoed oil or fish oil. 


Yeollow-Necked Caterpillar 
(Datana ministra Drury) 


This insoct prefers fruitetree feliage, but when abundant it 
will readily defoliato many specics of shade and forest trees. As 
with the walnut caterpillar, the larvae feed in groups, and when 
plontiful they may completoly defoliate the small trecs, 


The mature larva is nearly two inches long, black with yellow 
stripes extending lengthwise, and sparscly covered with whitish hairs. 
The caterpillar obtains its name from its yollow thoracic shicld 
(upper part of the neck). 
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The adult is similar to that of the walnut caterpillar. 


In the vicinity of Ohio, and probably also in the central 
Shelterbelt States, the adults emerge by early summer and lay their 
oval white eggs in masses on the undersides of leaves. By late 
summer the larvae are mature and enter the soil to pupate and pass 
the winter. 


Control measures are the same as those used against the walnut 
caterpillar, 


White-Marked Tussock Moth 
(Hemerocampa leucostigma S. and A.) 


The white-marked tussock moth is widespread over the eastern 
half ef the United States, It is commonly a pest of city shade trees 
and may not be serious in the shelterbelt strips. It prefers poplar, 
elm, linden, soft maple, and horsechestnut, but will feed on nearly 
all kinds of deciduous fruit, shade, and forest trees, 


The mature caterpillar is 15 to 1 3/ inches in length, with a 
red head and a black stripe down the middle of the back bordered on 
each side with a yellow line. It has two leng pencils ef black hairs 
on the anterior end and one on the posterior end, and a white tussock 
of hairs on the dorsal side of each of the first four. segments: of the 
abdomen. The color and appearance of the larvae differ after cach 
molt; consequently, caterpillars of different ages may be mistaken 
for separate specics. 


The female moth is wingless or nearly so, and is grayish, hairy, 
and grublike in form. The male moths are winged, brownish, and marked 
with shades of gray and cross lines near the outer margins. 


The overwintering eggs hatch in May, and the larvae skelctonize 
and later devour the leaves, In five to six wecks the caterpillars 
are mature, and they crawl to a crack in the bark, a crovice in a wall, 
or any sheltered spot, where thoy spin a loose cocoon mixod with hairs 
from the bedy, and pupate. The moths emerge ton to fiftcon days after 
pupation. Mating takos place near the old female cocoon. The female 
lays from fifty to several hundred oggs mixed with a white frothy mass, 
usually on the cocoon from which she cmorgod. 


In the northern part of its range there is only one generation 
a year, while farther south there may be two, threc, or more, 


The overwintering egg masses can be collected or they can be 
destreyed by painting with creosote, but usually many are undetected 
and these measures are not ontirecly cffective. Sincc many eggs are 
laid in the higher parts of the trees, tho sticky-band barricrs as 
used against the fall and spring cankerworms are also ineffective, 
Lead arsonate applied to the foliage during the carly larval stages is 
the best means of control. For dosages of lead arsonate to use, see 
page 2. 
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WASHINGTON 
REGION 11 
Mourning-Clcak Butterfly or Spiny Elm Caterpillar 
Secs as) aes) a 


This insect is widely distributed over the temperate regions 
of North America, Europe, and Asia. It is occasionally a pest of 
elm, willow, poplar, and hackberry in the Great Plains. 


The adult has velvety, dark purple, nearly black wings, with 
a white to yellow border on the outer margin. Inside of this border 
is a row ef light purple spots, The wing spread is 2 to 4g inches. 


The mature caterpillar is 2 inches long, with a ground color 
of black sprinkled with small white dots, giving the insect a grayish 
appearance. Down the middle of the back is a row of red dots, and on 
each body segment is a transverse row of branched black spines. 


During the winter the butterflies hide under rocks, under 
loose bark, in hollow trees, and in other protected places. They 
are commonly seen flying about during the first warm days of spring. 
They lay their eggs in a band around a small branch during May. The 
eggs hatch in twelve to fiftcen days and the larvoc feed gregariously, 
soveral larvac often lining up on the same leaf with their heads together 
cating on the margin. The larvac change to tho chrysalis or pupal stage 
with the anal ond attached to a branch, and have no cocoon. There aro 
apparently ene to sevoral generations a ycare 


The branches upon which the groups of caterpillars are fecding 
can be cut and tho caterpillars destroyed, or the infested branches can 
be sprayed with lead arsenate when the caterpillars are small, at tho 
rote of 1 to 2 pounds to 50 gallons of water plus 6 to 8 ounces of 
linseod or fish oil, 


Painted Lady 
(Cynthia cardui L.) 


The painted lady is widely distributed over all temperato and 
some tropical regions of the world, The caterpillars fced ordinarily 
on thistle and other weeds, but during the summor of 1945 they were 
observed feeding en young trees, cspecially clm, in the shelterbolt 
strips and nurscrics, They may or may not prove to bo scrious pests 
of sheltcrbelt trees. 


The butterfly has a wing spread of about two to threo inches. 
The basal portions of the wings are brown, the middie red, and the 
tips of the fore wings black with white spots. The hind wings are 
orango-brown with black spots. Tho undorsides arc marble gray, buff, 
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and white, the fero wings rod near the middlic, and tho hind wings have 
a row of four distinct cyo spots with bluc centers. Tho chrysalids are 
iridescont brown or gold, 


The caterpillars are about 1$ to 2 inches long, dull browm or 
black, and covered with branched and unbranched spincs. 


The adults appear in the spring and are common throughout the 
summor. Mature catorpillars wore collected on American clm at North 
Platte, Nebraska, carly in October. They web or loosely tic a leaf 
on the upper side so that it is curled up in the shape of a U. The 
caterpillar focds inside this protection, until only the coarser leaf 
veins and eccasionally ragged, uncaten portions of leaves romain. 


Lead arsenate would no doubt be effective against these 
catorpillars. 


Bagvworms 


Bagworm 
(Thyridopteryx ephoemeracformis Hav.) 


The bagworm is injurious on the Great Plains from Kansas 
southward, attacking many spccics of trees including both hardwoeds 
and conifers, Sevore dofoliation is more injurious to conifers than 
to the hardwoods, since the latter are capable of putting out new 
leaves. 


The adult fomale is a wingless moth rosembling a larva. The 
male moth has a black furry body with feathery antennao, and with 
wings thinly cevered with scales which casily rub off lcaving them 
transparent. The wing spread is about one inch, 


The caterpillars live in spindle-shaped bags constructed of 
silk and bits of leaves and twigs and have a dark leadon color. 


The winter is passed in the egg stage within tho bag of the 
female. In the spring tho cggs hatch, the larvae crawl out, and cach 
ene immcdiatoly makes a silken bag for itself. Tho larva oxtends its 
head and legs out of the bag to feed and move about. As it grows it 
enlarges tho bag until it finally becomes one to two inches long. 
Late in the swnmer the mature larvae attach the upper ond of these 
bags te the branches with silk and change to the pupal stage. The 
pupal peried lasts scvoral weeks, Then the male moths cmerge and 
seck tho wingless femalos. After mating the fomale deposits her eggs 
and dics. 


These bags are conspicuous during the wintor months, especially 
on the deciduous trees. Small infestations can be controlled by hand 
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picking them at this time. The caterpillars have been recorded as 
somewhat resistant to arsenicals; therefore, a heavier dosage of lead 
arsenate should be applied than is recommended for most insects, 2 to 
2; pounds to 50 gallons of water plus 8 to 10 ounces of fish oil or 
linseed oil, and good coverage of the infested plants with the spray 
should be obtained, Application should be made when the bagworms are 
YOung. 


SAWFLY LARVAL 


Sawfly larvae are the immature forms of four-winged, wasplike 
flies (Hymenoptera), ond superficially resemble the caterpillars. The 
typical sawfly larvaoc have scoven or oight pairs of abdominal prolegs, 
in contrast to five pairs on most caterpillars, Tho body is usually 
smooth, but with some specics it is slimy or covered with spinos, 
tubercles, or a waxy bloom. This group includcs a numbor of important 
forest insects, some spocics focding on conifors and some on hardwoods, 
but it is probable that only a few are ropresonted in the Groat Plains 
region. 


Elm Sawfly 
(Cimbox americana Leach) 


The clm sawfly larva prefers colm and willew but has been recorded 
from linden, poplar, and maplo, It is widcly distributed over the 
United States cast of Colorada, but is apparontly most abundant in the 
Middle West. 


The larva, which is approximately two inches long when maturo, 
rescmblos tho truo naked caterpillars but can be distinguished from 
them by the presence of cight pairs of prolegs on the abdomen in 
addition to the three pairs of truc logs, in contrast to five pairs 
of prologs and three pairs of truc legs on most catorpillars. The 
larva is pale yollowish white with a black stripo down the middlo of 
the back and a row of black dots (conspicuous spiracles) along cach 
side of the body. The body, which is commonly heid in a coiled 
position, is vory much wrinkled or ridgod transverscly. 


The adults have four transparent wings and rosomble some of the 
wasps or hornets. Tho body is stccl blue to black with threo or four 
yellow spots on cach side ef tho abdomen. Theo antonnae are knobbed 
at the ond and are buff colored, excopt tho bases, which are dusky. 


The adult sawflics appear in May, and late in May or carly in 
June lay their cggs singly in pockets made in the fleshy part of the 
leaf, Thoso scars lator appear as blisters. In approximately cight 
days tho cggs hatch, and the larvac may be found foeoding on the foliage 
up to the last of July or the first part of August. The full-grown 
larvac crawl into the dcbris on the ground or a short distance into 
the soil and spin their cocoons, where thoy remain over winter, to 
pupate: in the spring. 
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In additien to tho injury made in ovipositing in the leaves, tho 
adults also have beon recorded as girdling twigs, causing the portion 
abeve the girdie to dio, 


If the larvac are numorous cnough to cause sovore dofoliation, 
the treos should be spraycd with load arsenate, 1g to 2 pounds to 50 
gallons of watcr plus 6 to 8 ounces of linsccd or fish oil. The 
spray should be applicd when the larvac are small. 


LEAP=FEEDING BEETLES 


There are two familics of boetlcs that may be important 
defoliators in tho sheltorbclts -- the loaf beetles and the blister 
beetlos. Most of the loaf bectles fccd on the leaves in both larval 
and adult stages. Tho flen beetles and the blister bectles are 
exceptions, for most spocics feed on foliage only in the adult stage. 
The leaf beetles are medium to small in size, oval, colored in various 
metallic hues, plain or patterned in dots and stripes. They are 
similar in appearance to the ladybird bectlos, oxcept that tho latter 
are more rounded and hemisphorical in shape. The leaf beetle larvac 
are rather stout, humpbacked, soft-bodicd grubs with three pairs of 
true legs. They are dark in color and often spotted in blocks of 
black and ycollow. The blistor beetles are larger, and have the head 
distinctly sot off from the wing covors by a narrow thorax, Once the 
blistor bectles are rocognizod they will not be confused with the loaf 
beetles. 


Leaf Beotles 


ee 





Cottonwood Leaf Beotle 
(Chrysomela scripta Fab.?) 


The cottonwood leaf bectle is widely distributed ovor the 
United States, It attacks willows and poplars in both larval and 
adult stages. Tho bectles have been knovm to defoliate large areas 
of willow and poplar forosts undor favorable conditions. 


The adult beotle ranges in length from 3/16 to 1/3 inch and 
has a greund color of yollow marked with clongate dark spots and 
lincs. The head and thorax are black, with a red or yollow border 
on each side of the thorax. Beneath it is dark metallic greon to 
black. In the coloration of the wing covers individuals vary from 
solid black to solid yollow. 


The larva is dirty yollowish, with o dark brown head and 
black legs. Dorsally there are four rows of darker tubercles, the 
outor rows of which emit a milky fluid when the larva is disturbed, 

The cggs arc clongatc-eval, yollow, soft, and are laid in 


clusters on the leaves of the host, 
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Tho beotles hibornate among debris and in protoctcd spots. 
They begin feoding on the foliage as soon as it unfolds in the 
spring, and soon mate and lay their oggs. The oggs hatch in from 
five days to scovoral weoks, according to the weathor, and the young 
larvac skoletonizo the leaves, When larger thoy conswnc the ontire 
loaf cxcopt the larger voins. Upon maturing they faston tho hind 
end of thoir body to a leaf and transform to pupac in their partially 
east larval skins, In the Dakotas thero aro probably three goncrations 
a your, while in tho Southorn States thero may bo fivo, Thoroe is oan 
overlapping of the gonerations, so all stages of tho insoct may bo 
found on the host at somo time during tho summor. 


A lead arsenate spray, 2 pounds to 50 gallons of wator and 8 
ounces of fish or linseed oil applied oarly in the scason whon tho 
larvae arc small, is the only practical means of control, Two sprays 
at ten-day intervals may bo nocossary. 


Spottod Willow Leaf Boctle 
(Chrysomcla intorrupta Fob.?) 


This specics is similar in habits and appoarance to the 
cottonwood lcaf boctlco. Frequontly the two Ebb may be found 
feeding on the same ee The spotted willow leaf bectle differs 
from the cottomrood leaf boetle in that it is docp black beneath and 
the background color of the wing covers of some individuals is rod 
instead of yollow, merked with rows of square or transvorso black spots. 
The coloration varics from nearly black to noarly yollow. The larvac 
of the twe specics arc not casily distinguished in the ficld, 


The lead arsonate spray as recommonded for the preceding spocics 
may be used for control. 


Bim Lear Bootlo 
(Galorucella xanthonelaena Schr.) 

The clm leaf bootle was introducod from Europe and was first 
noticod in Baltimore, Maryland, in 183. Since that time it has 
becomo widespread in the castern part of the United States and on tho 

6Gc2 10 coast, It has boon rocorded from Monhattan, Kansas, but no 
damage has yot boon noticed in the shelterbelt zone. It feeds in both 
larval and adult stages on the foliage of American, English, Scotch, 
and Camperdown elms. The slippery, rock, and winged elms are usually 
not much injured. 


The beetle is about one-quarter inch long. At the time of 
emergence it is light yellow with a blackish stripe on the outer 
edge of each wing cover, but with age it becomes dark olive green and 
the dark stripes become less distinct. 


ihe e 


i. in Tae se teeter ee at rai be 
i i tat g pe irrraderteyond Bh se ri “ied hie pri. i * in i: 
en ee ae ttre: ote oe Gagutat ‘ong Ae sant ty Lone Seeger 
me hy. wah oe sae ue aie funy woth: settee pitt be hae: ea a > he a , 
| eat Oe A ce Poly be aohady Tinos gest smth ry eg asin Certs nd 
ah : we eter ait i ce nag geet 74 reat au “9 bseric 


a Di 
iu 


ve 4 7 \ Wy 
, =, mug gi 
¢ be 


| ne * ig thas peo ae nat lal 08 bt siinpig Sarda ciovowt hide: 

ae 7 et 1a Malan ot ae a a RoR Ege ster biciend ¢ to- SRR Oe | 

| ey at ars te: Beto a cSobtonny View ond eh lia cee eet 
i a al Ay steno cal ye Scores Cee | 


A ef c } 7 ; 
wt = ' a 
m - _' 
r % 








, 





hk. : AY eo 
Me ft ears ae ie . ny.94 ce 


ova » Baies 
us hat ee aoe eee i Be cms) ; 
; i eet eat besa % wi 
eit Mes pohute: alps! br ge SRAeindt rnd erLiniw ae ts Bote Nae herSeed a! - - 


te a” hoes od ‘Sper Peahacde aad até * Are aptp ret é de vitesal “a2. DOO eRe iii 


ae wrseien. 2 oe Tock. weeth kee ade wi! paate ccs: A ae «ERR a 
Pires eaaied : onal qoek. tad #8 tis ee atto.d Vol pe weed os as mite a 


- a we ee eM cee “ho eteyon omey ult “he <1 lot Derr Bare a ) = 
ie ROP GA WS, Pe cay oryp ideal =n Disko 20) OF Mb hota: wwoller ga hess 
a i ki it yet Pre BASRA Mabld yh ocws owt 3 Be ag ont vi lo 

Cl ; ae ‘alti Bilt ti Vaasa tar REE ghbe FOR de ke Lhe oe ne 

Hi a, ) Dae a ei i 7 ae 

oe the Sper i Peon 3s gieqe. ides ee ih 






ie ’ 

an ; ans 7 
im r 5 Ae bide Sauiee ee en i th A ages na ie eforatetey: Rint t Bonar Hira 
oy ihe A ET nT gy as he Wi gee Tt aaa » | re” 

ath i y ; i‘ i‘ i ‘YP rae ; 

‘ | i hae | oe an pag. or Pavitt in i  * 

m. , ’ it ‘fea oe Liaise gt att) ‘Lae 

| ie 7 i . iy! on ashes _——-, 





‘ie a uA 






= 
: “=: a 
. aa 


Daas 
i 


cars 


The mature larva is about ene=half inch long, dull yellow in 
color, with two longitudinal black stripes down the back and a broad 
yelléw stripe between them. On the yellow stripe are two longitudinal 
rows of tubercles bearing black hairs. 


‘The adults hibernate in cracks and crevices or similar sheltered 
places. During the first warm days of spring they mate, and as soon as 
the foliage unfolds they fly to elm trees and eat round holes in the 
leaves; During May and June the females lay oval, or bottle-shaped, 
yellow eggs in clusters on the underside of the leaves, The eggs hatch 
in about a week, and the larvae feed in patches on the underside of the 
leaves, leaving the veins and upper epidermis. When a largo portion of 
the leaf is eaten, it turns brovm and falls, In two to three wecks the 
larvae become mature and drop or crawl down the trunk to the base of the 
tree where they transform to erange-yollow pupac. In six to ten days 
the pupao change to adults. The number of generations varics from «ene 
in the extreme Northern statcs to five in the oxtreme Southorn statcs,. 


The application of lead arsonate, 2 to as pounds to 50 gallons 
of water plus 8 to 10 ounces of fish o1i1, is the most offoctive 
artificial method of control. Care should be taken to covor the 
underside of the foliage, because the larvac feed on this sido, 


Fica Bectles 


The flea bectles are a group of vory small leaf boctlos, 
usually of motallic color, that feed on tho foliage of many speocics 
of plants. They may occasionally become posts by cating holes in tho 
leaves of small trees in the newly planted sheltcrbclts. Thoy are 
very active, have the hind legs fitted for leaping, and jump vigorously 
whon disturbed. The adults of some specics aro rather genoral fcoders, 
while others attack only one spocics or related spcecics of host plants. 
The larvac of many spocics live on roots in the soil, but this stage is 
gonorally not injurious. 


Flea bectles are difficult to control, because the arscnicals 
arc apparently distasteful and repel thom. However, fairly heavy doses 
of load arscnate, 2 to 4 pounds to 50 gallons of watcr plus 8 te 12 
ounces of fish oil or linsced 011, will give considorable protection 
if thoroughly applicd to all the foliage. Several applications at 
about ten-day intervals may be required. 


Blister Bectlcs 


The blistor bectles are of medium to largo sizc, with the hoad 
distinctly sct off from the wing covers by a narrow prothorax, The 
body and wing covers arc comparatively soft. The color may be black, 
gray, tan, or some other shade, and plain, spotted, or striped. The 
most common specics belong to two gonora, Epicauta and Macrobasis. 
Only the adults fceod on the foliage, infesting a varicty of plants 
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including young treos. In the shelterbolts certain species prefor 
Caragona and locust foliage, although other trees may also be attackad,. 
Those boctles arc distributed over the cntire Groot Plains region, but 
in 1935 damage was most provalent in the northorn Shelterbelt States, 
where the adults were presont from tho middle of Juno into August. The 
larvac of somo specics focd on grasshopper cggs, and in that respect 
aro bonoficial. 


Spraying tho foliage with 1$ pounds of load arsonate to 50 
gallons of water plus 6 ounces of fish or linsecd oi] will protoct tho 
young trees, largely by repelling the beotles, although somo will be 
poisoned. As tho now growth comos out beotlos will ro&yrn to feed on 
this unprotccteod portion, and it may be necossary to spray scvoral 
times to givo good protection. Sodium fluosilicate applied as a dust 
has given good control of cortain specios, but there is somo dangor of 
burning the foliage with this.chomical. 


GRASSHOPPERS 

The grasshoppers may injure trecs both by defoliation and by 
eating the groon bark, Tho latter injury is the more scrious as 
small trees may be girdlod outright. Grasshoppors arc discussed in 
dotail under Bark Girdling Insocts, page 39. 


BORING INSECTS 
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ROUNDHEADED BORER 


The roundhended borers aro fleshy, often legloss, grubs, white 
or ycllowish in color, with the cylindrical clongate body tapcring 
slightly from head to tail. They are the larvac of the long-hornod 
beetles, belonging to the family Corambycidaec. With fow oxccptions 
eniy tho larvac couse injury. The lorvac can bo found in @ varioty 
of situations, depending upon tho habits of the specics involved, 
from living trees to thoroughly decayed logs, and from dry to almost 
saturatod tissuc. The destructive specics usually work in tho 
cambium region for a time, later ontering tho wood. 


Borers in the Bole and Largor Branches 


{a A Om A a 


Locust Borer 
(Cyllone robinine Forst.) 


The locust borer is the most scrious insect post of black locust 
and is widely distributed throughout tho United States wherever these 
trees aro abundant. 
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The adult is a long-horned beetle about three-quarters inch 
long and is deep velvet-black: in color, marked with narrow bands of 
bright yellow, of which the third on the wing covers is W-shaped. 


Injury is caused by the legless, white, tapering, cylindrical 
larvae, which make large burrows in the sapwood and heartwood of the 
trunk and larger branches of the tree. This injury often results in 
the death of the tree. Even though the infested trees are not killed 
outright, they are often rendered unfit for useful products, greatly 
disfigured, or so badly weakened that a heavy wind will cause them to 
break off at point of heaviest attack. The presence of the borer is 
easily detectcd in oarly spring, when the leaves are unfolding, by 
characteristic brown or yollow pellots of excroment coming from "wot 
spots" (caused by the flow of sap) on the bark around the entrance to 
the larval galleries, Old attacks are recognized by calloused 
swellings of growth on the trunk, by dead limbs, or by large borer 
holes extending into the wood. 


The bectles appear in large numbers during late summor or oarly 
fall, and may be found on the tree trunks or fecding on the pollen ef 
goldenrod,. The fomale deposits hor oggs in rough erevices of tho bark, 
usually from tho first of Scoptember to the middle of Octobor, The coggs 
hatch in about a week, and the young larvae bore into the inner bark, 
where they pass the winter in a dormant state. At about the time the 
buds begin to swoll in the spring, the larvae resume thoir activity in 
the cambium arca. Lator thoy go into the woody portion, often ponotrating 
to the pith. The larvac reach maturity during August, pupate at the 
ond of the gallcrics, and omorge as adults during the latter part of 
August or in oarly Septomber. The dates mentioned for the differont 
stages apply to the central Sholterbelt States, and will be carlicr 
farther south and lator farther north. 


There appoars to be a close relationship bcotwoen damage by the 
locust borer and tree vigor, tho damage decreasing with an inercase of 
vigor. Trees of the dominant crown class suffor less than thoso of tho 
overtopped class. Therefore, cffort should be mado to maintain geod 
tree vigor by proper cultural methods. Drought, fire, livestock grazing, 
or similar factors which tend to reduce the quality of the site may have 
an indirect effect upon locust borer injury. 


The cutting of slow-growing young stands and severoly injured 
stands effers promisco of inducing sprout growth thet is vigorous and 
resistant to borcr damage. The cutting and burning of sovercely injured 
troes will tond to cut down the borer population, and it is also 
advisable to removo all severoly injured or decadent trees in the 
general vicinity of sholterbclt strips to climinate sources of 
infestation, 


When planted with other specics, locust is somewhat protected 
from the borer attack, and at the same time the vigor of the trcec may 
be increased by the association, unless they are ovortopped. The 
thin foliage of locust docs not produce dense shade or abundant leaf 
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litter in pure stands and does not form a soil-protecting and building 
litter as it does in mixed stands. 


The most effective, direct measure for locust borer control is 
the use of an orthodichlorobenzene emulsien applied as a spray on the 
infested trunks and larger branches. The stock emulsion is made as 
follows: 1 gallon of orthodichlorobenzene, 1 gallon of soft water, 
and 1 pound of liquid fish oil soap or common laundry soap. If the 
water is hard, 1 teaspoonful of washing soda should be added to each 
gallon. When laundry soap is used, the soap is dissolved in boiling 
water, and after cooling somewhat the orthodichlorobenzene is added 
and the ingredients thoroughly mixed. Pumping the mixture through a 
fine nozzle into another container with a bucket sprayer will aid 
in insuring a good emulsion. To make the spray solution, 1 part of 
this stock emulsion is mixed with six parts of water, The emulsion 
should be thoroughly stirred both befere mixing with water and before 
applying to the trees, to prevent the chemical from separating out. 
The spray must be applied early in the spring when the locust leaves 
are unfolding, before the borers go inte the wood. The trunk of the 
tree should be given a complete coverage, especially from the ground 
line to a height of five or six feet. The spray should not be 
applied to the young branches er foliage, as there is danger of burning. 


Tylonotus bimaculatus Hald. 

The larvae of this long-horned beetle attack and often kill 
green ash in the Shelterbelt zone. They also occur in tho eastern 
part of the United States and Canada, where they attack sevoral 
specios of ash and occasionally privet hedges. Apparently injury 
is most scvero in the old greon ash plantations on drier and poorer 
sites. Frequently this borer and the carpenter worm infost the samo 
tree, 


The bectles are threo-oighths to five-cighths inch long, with 
the antennac of the males somowhat longor than tho body and thoso of 
the fomale somewhat shorter. The adults aro dark brown with two tan 
spots on cach wing cover, one about ono-third of tho distance back 
on the wing cover and the othor near the tip. Their legs arc dark 
brown, nearly black, oxcopt for the swollon part of their fomora or 
thighs, which are light tan. 


The larvac are nearly cylindrical, slonder, leogloss, white 
grubs, which may be nearly one and a quarter inches long when mature. 


The bectles omerge through almost circular holcs during the 
spring and summer, although the oxact dates of omorgence are not 
known. They were often found hiding undor dead, loose green ash 
bark in Nebraska and South Daketa during the first part of July. 
Unemorged adults wore found in the wood up te the last of July, and 
live adults under dead bark up to tho first of Soptcmber. By the 
last of August the first-ycar larvac were approximatcly one-quarter 
inch long and working under the bark next to arcas of old attacks. 
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The first winter is spent as partially grown larvae one-quarter to 
one-half inch long in the cambium region. There were two definite 
larval sizes, with an occasional intermediate size, found over- 
wintering in their galleries, which indicates a twe-year life cycle, 
Late in July of the second season the larvae bore into the sapwood 
and make extensive galleries, They pack the frass in their. 
galleries behind them and leave no external evidence of their attack. 


The borer attacks any part of the tree, but heaviest injury 
is at the base. Attacked trees are not killed outright, but die from 
the top dewnward over a period of years. 


Injury in a plantation by this borer can probably be lessened 
by sanitation cuttings during the fall and winter. The stumps should 
be cut at least to the level of the ground and preferably an inch or 
two below the ground line, since the base of the tree is frequently 
heavily infested, The infested material should be burned before the 
beetles emerge in the spring. In areas where green ash is especially 
susceptible to attack by this borer and the carpenter worm, the ash 
trees should be planted only on the better sites. 


Cottenwood Borer 
(Plectrodera scalator Fab.) 


The cottonwood borer is particularly injurious to cottomwood, 
and occasionally to willows, in Oklahoma, Kansas, and Nebraska. The 
principal injury is caused by the larvae boring under the bark and in 
the wood at and just below the ground line. This borer often girdles 
the tree or se weakens it that it breaks off in the wind. The adults 
in the act of egg laying also cause some injury to very young trees. 


The adults are large, black and white mottled, long-horned 
beetles, the female measuring from one and a quarter to éne and a 
half inches, and the male slightly less. The background coler is 
black, which is mixed with patches and stripes of white or cream. 
Near the middle of each side of the prothorax is a black spine. The 
antennae of the females are about as long as the body, while those 
of the male are longer, The larva is nearly two inches long when 
mature, legless, cylindrical, distinctly sogmented, and white or 
yollowish in color, 


The adults emerge during late Junc, July, and August. The 
eges are laid during July and August in rather doep pits chewed in 
the bark of the base of tho troce at or just below the ground line. 
Two or three such scars made on a small socdling may be sufficicnt 
to girdle the stem or seriously weaken it. The smaller and younger 
trees are preforred for oviposition, although treos of all sizcs 
arc attacked. The eggs hatch in about two weeks, and the larvae 
work under the bark and into the wood. On the younger trees the 
borer activity causes abnormal swelling en the butt. The larvac 
pupate in their galleries during June and July of tho sccond yoar 
aftor hatching, and the adults cmorge during late Junc, July, and 
early August. Thus the insect completes its cycle in two years, 
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i} Barriers made of such material as burlap, wire screen, or tar 


4 paper, placed around the bases of the young cottonwood trees, may 
protect them from oviposition and injury. Such barriers will probably 

a be needed for several years, or until the trees become large enough 

to resist or withstand attack. The borers can be cut out with a 


pockct knife, if this is done by early Septembor of the first season, 
Aftcr this time the borers may bo in the wood too deep to be reached. 
Paradichlorobonzone crystals and naphthalene crystals have been 
suggested for killing the borers, but these chomicals should be 
tested oxperimontally before being used on a large scale, as there is 
danger of killing the trees. 





Poplar Borer 
(Saperda calcarata Say) 





The poplar borer is a pest of all specics of poplars, and 
occasionally of willows, throughout tho United States and Canada 
wherever its hosts arc found. The boles and larger branches of 
infested trees have blackenod, swollen scars, from which extend the 
large, wandering larval gallories undor the bark and into the wood. 





The beetle is one of the long-horned bectles, about an inch 
long, and somewhat cylindrical. The background color is gray, 
marked with faint, yellow, irregular spots and peppered with tiny 
black spots. The thorax bears three yellow stripes on the dorsal 
Side. 


The larva is a cylindrical, tapering, legless, cream-colored 
os grub, about an inch long when mature. The pronotum (upper side of 
the first body segment) bears very small spincs. 


The oggs arc laid during Junc, July, and August in irregular 
holes gnawed through the bark into the cambium. During the first 
scason the larvae work in tho cambium region, and a small troo may 
be encircled ond killed. A knotty swolling frequontly appears at 
the point of fecding. During tho romainder of the cycle the larvac 
make oxtonsivo gallcorics in tho sapwood and heartwood. The larva 
pupates at the ond of its gallery, and tho adult emerges through tho 
hole made by the larva for pushing out the frass or borings. This 
frass may accumulate to a depth of several inches at the base of 
heavily infostod trees. Trees are often so badly honeycombed by 
gallerics that they readily broak off. The normal dovelopmental 
period is two years, but at high clevations, ranging from 6,000 to 
9,000 fccot in Colorado, and in Canada the period is extended to 
three years. 


Thore is a tendoney for the poplar borer to concentrate its 
attacks upon trecs already infested or weakened. Injury to surrounding 
trees may bo greatly roduced by cutting and burning these favored 
trees, commonly calicd "brood" trees, or by splitting the infested 
logs and oxposing them to the direct rays of the sun, Fast-growing 
trees aro less attractive to the beotles than slow-growing oncs. 

Coal tar creosote painted over the egg scars soon aftor oviposition 
is advised for killing tho eggs. 
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Elm Borer 
(Saperda tridentata Oliv.) 


The larvae of the elm borer feed between the bark and the wood 
of elm. They prefer recently cut or dying elm, but under certain 
conditions, will also attack apparently normal trees. The insect 
probably occurs throughout the range of American elm... 


The beetle is from three-cighths to one-half inch long, gray 
in color, with a submarginal orange-red stripe on each wing cover, 
from which branch three cross bars of the same color, The bar 
nearest the base is nearly transverse and the other two are oblique, 
Each bar except the middle one has a small black spot just back of 
it. The thorax has a lntoral orange-red band on cach side, just below 
cach of which are twin black spots. Theo larva is white, legless, 
about an inch long, ond similar in appearance to othor roundheaded 
borers, 


The larvae overwinter in their galleries beneath the bark or 
e short distance in the wood and pupate in tho spring, probably during 
May. Tho adults omorgoe during late May, June, and July. Tho fomalcs 
lay their cggs on the bark, and the larvac bore into the bark 
immediotely after hatching. The presence of brown frass lodged in the 
crevices indicates the activity of the larvac. The numerous winding 
gallorics looson the bark so that it can be casily pecled off. The 
larvac apparently reach full size in ono year. 


Badly infcestod trees should be cut and burned before tho bectlos 
omerge in the spring. Greon slash should not be allowed to romain 
on the ground in or near elm plantations, as the borers may breed up in 
such material and attack tho living trceos, Maintenance of good troe 
vigor will aid in preventing injury by this boror, 


Saperda concolor Loc. 


The larva of this long-horned bectlo producos a gall from one 
and a half to two inches in diamoter on the young stems of poplars 
and willows. Tho insect ranges throughout the castern and contral 
parts of tho United States and Canada, 


The beetlo is about one-half inch in length, black with numerous 
small punetures, and covered with a donse gray or ycllowish=gray pubcscenco,. 
The antennae ore ringed alternatoly with black and gray. The larva, 
which is similar to other roundhcaded borers, mincs undor the bark and in 
the wood. When nearly ready to pupate, it makes a short, straight, 
vertical gallery in the wood. Tho following May and June the adult 
emerges. The female gnaws a longitudinal incision in tho bark about 
three-quarters inch long and doposits oan ogg in cach ond. The insoct 
is reported as completing its life cycle in one year. 
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Young trees on which the galls are found should be cut and 
burned. Injury is most severe in slow-growing stands, and anything 
that can be done to stimulate growth will reduce the damage by this 
borer. Only the young trees are injured. 


Pole Borer 
(Fengeera brunnes Fabs) 

This borer attacks posts, poles, and structural timbers in 
contact with the ground, and also the heartwood of many species of 
living trees. The borer gains entrance to the heartwood through 
scars and wounds, and its work hastens decay. Frequently shade trees 
are so badly hollowed out that they break off. The insect is distri- 
buted in the United States cast of the Rocky Mountains, 


The adults are chestnut brown, glossy, and about three-quarters 
inch long. The larvac are cylindrical, cream-colored, roundhceaded 
DOrers « 


The adults emerge during late July and August. The females 
lay cggs in eld scars or in cracks in the wood. The larvae bore into 
the inner sapwood and heartwood and complctoly honeycomb tho inner 
portion until there is nothing left but a shell of sapwood. In some 
cases the adults do not omerge but mate and lay eggs in the same 
cavity in which thoy developed. The wound. through which thoy gained 
entrance may hoal over and show no sign of the attack. 


All decadent and badly infested trecs should be removed. All 
wounds should be painted to prevent oviposition by tho beotles. 


Leiopus variegatus Hald. 


This insect is wne of the roundhcaded borers that works in 
many specics of trees found in the sheltorbolt rogion, Littlo is 
known about its habits, but apparently it causes little damage. It 
is mentioncd here because of its abundance in some of the decadent 
wood lots. 


The adult is one of the smallor long-horned bectles, mottled 
brown and black, and about 3/8 inch long. Its antcnnac are ringod 
altcrnately with light and dark bands. The adults are found resting 
under dead loosencd bark during June and July. If this insect 
appears to bo injuring tho trees, the heavily infested branchos 
or trees should be cut and destroyed. 


Twig Girdicors and Pruners 
& 


Oak Twig Prunor 
(Hypormallus villosus Fab.) 


seen es a NL 


The oak twig pruncr is a pest of onk, hickory, pecan, maple, 
locust, hackborry, elm, walnut, and many other species of trocs, It 
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is a common enemy but not a major one, 


The larva, which is cylindrical, cream-colored grub, burrows 
down the center of a twig and when nearly mature girdles the branch 
from within, leaving only a thin shell of bark so that the branch 
later breaks off in the wind and falls to the ground, In the center 
of the twig there is a hole plugged with shreds of wood, back of 
which is the larva, 


The adult is a slender, brown, long-horned beetle, mottled 
with patches of short gray hairs. It is about five-eighths inch in 
length. The tip of each wing cover is notched. 


The beetles appear during the spring or early summer, and the 
females lay their eggs in tho twigs. The larvac fecd beneath the bark 
for a while and then bore into the stem. Lato in the summer the twigs 
are severed and fall to tho ground. The insects overwinter in these 
twigs on the ground in tho larval or pupal stage. There is ono 
generation a yoar. 


For control, the severod branchos containing the larvac should 
bo collectcd in the fall and burned. To be effective, all the 
infostod branchos in a goneral area must be destroyed. 


Twig Girdlor 
(Oncideres cingulatus Say) 


The adults of this insect have the poculiar habit of girdling 
the twigs in which the eggs are deposited. These branches break off 
in the wind, fall to the ground, and the larvac feed in the sovered 
stems. Tho injury docs not kill the host but often deforms it, The 
insect has been rocorded on hickory, elm, poplar, honey locust, and 
oak. It occurs throughout the castern part of the United States and 
as far wost as tho Sholtcrbolt Statos,. 


The bectles aro slightly over one-half inch long, grayish 
brown with a light gray area on the middle third of cach wing cover, 
The larva is one of the roundhcadod borers and ranges in length from 
one-half to throee-quartors inch. 


The adults are in flight from the last of July to September, 
at which time the females lay thoir eggs and cut tho twigs. Tho eggs 
hatch and the young larvac pass the winter in tho twigs on the ground. 
Development is oomplcted the following spring, and pupation occurs 
during July. The adults omerge in about two weeks, There is a single 
generotion oach yoar. 


This insect can bo controlled by collocting and burning tho 
severod branches in the fall. 
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FLATHHADED BORERS 


The flatheaded. borers are so named because of the much widened 
and flattened first few body segments, which appear as a "head." They 
are whitish, legless grubs, with the body elongate and distinctly 
flattened. The adults of this family are known as metallic wood borers 
or buprestids, and many are colored in brilliant iridescent shadesy 
Insects of this group usually attack trees weakened by other agencies. 


Flotheaded Apple Tree Borer 
(Chrysobothris femorata Oliv.) 


This insect attacks many species of forest and fruit trees after 
they are one or two years old. Some of the common forest-tree hosts are 
poplars, willow, oak, olm, hackberry, maple, boxelder, and walnut. This 
borer istwidely distributed over the United Statos and is one of the 
worst shceltcrbelt pests. 


The beetles are about one-half inch long, rather broad and flat, 
with a dark coppory-brown metallic hue above, and cach wing cover bears 
two punctured, brassy-greon aroas near the middic. The under part of 
the body is bronze, and tho back bencath tho wings is a brilliant 
metallic greenish bluc. 


The larva is a crcam=colored, legless grub, about one inch long 
when full grovm, fhe first three body segmonts are much swollen and 
flattened, which accounts for the namo "flathead." Just back of the 
truo head on tho dorsal side of tho first large flattened sogment, is 
a round brown plate with a figure V. The larva is usually found 
curved im the shape of a U in its gallory. 


The beetlos cmorge in tho spring soon after the apple trees 
bloom and are in flight for several wecks, Thoy are very active and 
take flight quickly when disturbed. They are sun-leving insccts and 
on hot, clear days may be found on the sunny side of the trees, The 
fomale lays her eggs in cracks or around scars in the bark. These 
are pale yellow, flattened, disclike, wrinkled, and about 1/20 inch 
in diametor. The eggs hatch in fifteen to twenty days, and the larvac 
onter tho bark dircectly bencath the cgg. If the treo is vigorous, 
the borer is unable to survive within the growing tissue and soon dics; 
or it may live in the outer bark for months and finally die, unless the 
tree becomes woakenced sufficiontly to enable the borer to penotrate 
the inner bark undisturbed by the flow of sap. Latc in the summer 
the maturing larvac bore into the wood to a depth ranging from a 
fraction of an inch to soveral inches, ond at the end of the gallery 
construct a flattened pupal cell in which they pass the winter. Under 
favorable conditions the life cyclo is comploted in one yoar, but 
somotimos the period may be two years or possibly longer. There is 
little oxtornal ovidonec of the presence of the borer larvac, although 
occasionally the injured spots may be darker or the bark slightly 
doprossed or cracked, 
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Since normal and vigorous trees are rarely injured by this borer, 
it is important to keep the trees healthy by good cultural methods. 
Frequently the young trees are injured during the first few years 
after being planted. The use of such protectors as thin veneer, paper 
matrix, burlap, or wire screen, placed around the base of the trees up 
to the first large branches, will prevent oviposition on the lower bole. 
It has been reported that a board placed so as to shade the lower trunk 
will discourage attack. It appears that little dependance can be 
placed on repellents, poisoned washes, or chemicals to kill the eggs 
and larvac. 


The young borers can bo cut out during the summer, before they 
have done serious damage. The elimination of possible breeding places, 
such as old decadont and seriously woakened troes, in the vicinity of 
sheltcrbolt strips will reduce tho danger of injury. It has beon 
Suggested that poles, covered with somo sticky matcrial scot up ina 
plantation will trap many of the beetles when they olight; also that 
fresh slash of favored host trees scattered around the outskirts of 
plantations will provide attractive places for ogg laying, and this 
matorial can be burned at the ond of tho summor. 


Honey Locust Borer 
(Agrilus difficilis Gory) 


This borer was found attacking honey locust at Woodward, Oklahoma, 
and noar McCook, Nebraska, in 1945, ond is no doubt distributed over 
much of the sheltorbolt region. 


The adult is an elongate beetle, five-sixtconths to one-half 
inch in length. The head is green in front, becoming purplish or 
blackish green at the top, the wing covers are blackish green with a 
distinct purplish reflection in certain lights, and the body beneath 
is copper-colored and shining. 


The larvac are one to one and a half inches long, once-cighth 
inch in width ot tho widest point, flattened, cream-colored, legless, 
ond distinctly scgmontod. The second and third scgmonts back of tho 
hoad are about half as wide as the widest scgmonts, and tho last 
scgmont tcrminates with a pair of short, pointed, hard, brownish- 
black projoctions. 


The adults arc commonly secon during July and August running 
over the surface of tho bark. Tho fomale lays her cggs at the 
roughened bases of small twigs or at rough spots on tho limbs or trunks,, 
A thick gum exudes at the point of attack, The larvac mine in the 
cambium bencath the bark, packing the gallery back of them with thoir 
borings. They make long winding gallcories and when mature bore a 
short distance (usually one-quarter to one-half inch) into the sapwood 
and construct a coll in which they pupato. The adults mako oa D-shaped 
hole in cmerging. 
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Old, decadent trees and those weakened by drought are most 
subject to attack. Heavily infested trees should be cut and burned 
before late spring, to prevent emergence of the beetles and their 
attack on other trees. The infested trees at Woodward, Oklahoma, which 
were suffering from drought, overcame the attacks after irrigation, 
which apparently drowned out the young larvae. 


BARK BEETLES AND WEEVILS 


The bark beetles, or scolytids, comprise a large family of 
smell, dark-brown, cylindrical beetles, which work undor the bark 
of trees. Most of the species attack only dying or dead trees, but 
many aro capable of killing apparontly healthy ones. The larvae arc 
stout, logless, whitish grubs, with brown heads, 


The weevils, or snout bectics, are oblong-oval and have a 
peculiar longthening of tho portion of the head bearing the mouth 
parts to form a beak. The larvae resemble thoso of the scolytids. 


The adult bark bectlcs usually construct gallorics in tho 
innor bark, along which they lay their eggs. The adult weevils 
discussed in this paper deposit their cggs in holes or scars gnawed 
in the bark. 


Bark Bcotles 


Codar Bark Beotle 
(Phloeosinus dentatus Say) 


ihe cedar bark beetle attacks juniper in the southern scction 
of the country and arborvitac in the northern section. The beetle 
profers rocently cut treces but will also attack suppressed and 
weakoned trees, and under certain conditions may become a scrious 
pest. Theo adults foed by making pits or short gallorics in the twigs, 
thereby killing mony of thom. Adults are in flight apparently 
throughout most of the summer. 


Tho adults are small, dark brown or black, stout cylindrical 
beetles, about one-tenth of on inch long. The larvac arc small, curved, 
white, logless grubs. The adults make gallerics from one to two inches 
long in the cambium region, running parallol with the grain of the wood. 
The female lays hor cggs in regularly and closcly placed niches along 
the sides of the gallery. Tho larval mines are also in the cambium ro- 
gion and oxtend out from tho ogg gallory. Near the junction of the 
entrance hole ond the egg gallory is an enlarged chambor known as the 
nuptial chamber. The cgg gallery usually oxtonds upward from this 
chamber, but occasionally it may oxtond downward. 


OO 











ek 


Ve pony ‘ood? in 
bo ahdaugny: ota pate 
| ‘meee eee lyol a Moss 


| ae.” 3 i: Ken phere sgootite oe ree aesbuen 19 adtweens oe 
“a here: ott peeiiet ent nt ond. 86 Sth “to pakeotigued acetyeey 
a | chy: oid: to 9 rit romped in ent mere shad oF Coan 





” i 





eo TF int dae ane a perry toettdadon ie pa Me 

1 A ees ae sali PY oe gat pacar stoksie yenake Feo qouivet 
ze: a as besarte: tenes we pike Lo Riau anal aerial hea al Bogaweatp 

BR ancy Les , | | i attend olf ot 


y f “ Py ba i re i F i i ’ , : \ 
4 r y 4 i ime 7 ‘ _ ‘ 7 } . 
, i : al i . ' ‘ ‘ f 
- A } : , 4 i 7 Pay - i 1 
E sy ae Tired h ; ; My nr : de at 
if } one a ' ; f ~ aa : 3 an >. oe 
; alae Bi ie: . i lS PS f F m} ; a as : : 
: an . 7 , 7 ’ a n re 
j , A ae i ae R ; > ? i th : 4 - ; - 
, bd a 2, - - ‘ 
* \ r ¥ 


ae bs =e 


- 





z — 
Rh. — ke eS ce 
, oe sts a 
” 
“2 


Dom we 


This insect can bo controlled by felling and burning all 
infested treos before the beetles emerge. Folling and peoling the 
infested parts may also be utilized, but pocling is cffoctive only 
while the insect is in the larval stage. Pceling the usable portion 
of the bole at this timo, and burning the romaindor of the tree, wotld 
also be satisfactory. 


Ash Bark Bectle 
(Leperisinus aculeatus Say) 


The distribution of the ash bark beotlo is nearly identical with 
that of its host treos, the various species of ash. It attacks 
weakened, dying, or dead treos and branches, but is not a sorious post 
of normal living trees, The bectle is mentioned here because it is so 
common in old decadent green ash tree claims in tho Plains Statos. 


The bectles measure about 1/10 inch in longth, and are dark 
brown with color markings formed by light-colored scalcs. The adults 
emerge in tho fall and fly to othor trees, where they make short 
hibornating and feeding burrows in the bark. When made in living treos 
these burrows cause black spots in the phlocm, In the spring tho 
overwintcred beetles make transverse egg gallcrics, with two branches 
extending about an inch in opposite dircctions from the entrance tunnel, 
Near the junction is a small nicho, with scorves as a turning niche and 
nuptial chamber. The larval gallcries are longitudinal, straight, short, 
regularly spaced, and nearly equal in lengths The larvac pupate in 
small cells at the end of their galleries. The adult omerges through a 
round hole which it makes to the surface and obtains food from a fresh 
host bofore making an attack for ogg laying. There appear to be several 
generations a yoar, at least in tho Southern States. 


If this bark bectle appears to bo injuring living ash, it can be 
controlled by peeling the infested trees while tho insocts are in the 
larval stage. Folling and burning all infested trees before the adults 
omerge is a more cffoctive method of control. 


Bark Weevils 
Black Elm Weevil (Magdalis barbita Say) 
Rod Elm Weevil (M. armicollis Say) 


The larvac of these two weevils work in the inner bark of the 
boles and branches of weakonod clm trees. They are distributed from 
the castern part of the United States and Canada as far west as Colorado. 
The two specics are similar in habits and appearance. The adults of the 
black clm weevil aro black, while those of the rod clm weevil are reddish 
and more slender. In the larval stage they are practically indisting- 
uishable. The weevils are about one-quarter inch long and have a long 
Slonder boak. The larvae are curved, white, legless grubs. 
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In the vicinity of Colorado the winter is passed in the mature 
or nearly mature larval stage in the larval mines. They pupate at the 
end of these galleries in the spring, and the adults emerge through 
small, round holes in late May or June. In laying their eggs in the 
bark, preferably under smooth scar tissue or under smooth places on the 
bark, the adults make small pits. The young larvae make winding 
galleries leading from these points of oviposition. Apparently there is 
one generation a year. 


To prevent attack, elm trees should be maintained in as healthy 
a condition as possible. The infested trees or parts of trees should be 
cut and destroyed to reduce the insect population. The adults feed 
Slightly upon the foliage during late May and carly June. It is possible 
that the beetles could be poisoned at this time by spraying the foliage 
with lead arsenate, 


BORING CATERPILLARS 


Wood-Boring Caterpillars 
Carpenter Worm 
(Prionoxystus robiniac Peck) 

The carpenter worm is widely distributed in the United States 
and has boen recorded from a great many hosts. In the Great Plains 
region grcen ash is apparently the preferred host. Damage by this 
insect and the roundhcaded borer Tylonotus bimaculatus makes the 


growing of greon ash on the poorer sites difficult, — 


The adult fomale moths havo a wing spread of two and a half to 
three inches, the front wings boing mottled gray, the smaller hind wings 
plain brown, The male moth is similar but smallor, and has an orange- 
red spot on cach hind wing. The larvac are rathor fleshy, naked 
caterpillars with well developed truc legs and five pairs of abdominal 
prolegs. The younger catcrpillars are whitish tinted with red, but 
those that are moture aro pale grocnish white. Tho hoad and dorsal 
shicld (just back of the head) and the small tubercles on the body 
scpmonts, from cach of which ariscs oa hair, are dark brown. The mature 
larvae aro two to three inches in length. 


The moths cmerge during June, and ky carly July most of thom have 
disappeared. The females lay their olive-greon, oval oggs in masses or 
Singly in cracks and crevices of the bark soon after mating. Ono female 
is capable of laying from 200 to 300 cggs. Tho eggs hatch in eleven to 
fourtoen days, and the young larvac feed for a short time on the cmpty 
ogeshells, but within a few hours thoy start boring into the bark or 
enter opcnings made ky the older larvac, Thoy fecd in the sapwood just 
bencath the bark for a ycar or two, and not until tho third or fourth 
year do thoy make large gallerics into tho heartwood, The frass or 
borings are pushed out of an opening through tho bark. This matcrial 
is loosely webbed togothcr with silkon threads ond when fresh is 
conspicuous in the bark crevices and at the entrance to the burrows. 
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Frequently this sawdustlike material piles up at the base of a tree to 
a depth of a couple of inches. In North Dakota the larvae reach 
maturity and pupate during May of the fourth season. In Nebraska and 
farther south the insect may be able to complete its life cycle in 
three years. The pupal period lasts from fourteen to nineteen days. 
When the moth is ready to emerge, the pupa works its way through the 
opening of its burrow until about one-third of its body protrudes. The 
pupal skin splits open and the moth emerges. These empty pupal skins 
protruding from the old galleries are rather conspicuous and may remain 
there for months. 


The female moths are poor fliers, and their spread to new areas 
is not likely to be rapid unless the insect is distributed in fresh 
wood products. Moths have been known to emerge a year after infested 
treos were felled ond cut into firewood, fenco posts, or poles. Conse- 
quently, infested material should not be utilized or placed in the 
vicinity of plantations until the second yoar following cutting. 


The larvae can be killed by squirting a fow drops of carbon 
disulphide into the active galleries and closing the opening with mud 
or grafting wax. This type of control is applicable to this insect 
because it maintains an opon burrow. All badly infested trocs should 
be cut and burned by early spring to decrease the insect population. 


Ash Borer 
(Podosesia fraxini Luggor) 


The ash borer is injurious to young ash in the Dakotas, Nebraska, 
and other northern Prairie Statos. The larvac bore into the young trees, 
usually near the basco, and may ocithor kill the trees or weaken thom so 
that thoy broak off in a strong wind. 


Tho adult is one of tho clearewinged moths, the female having a 
sproad of a little over an inch. Tho fore wings are narrow and opaque, 
excopt for a short transparent and orange-brown basal streak. The hind 
wings arc transparont with ycollowish-brown margins ond veins, and are 
yellowish beneath. The abdomen is black with oa transvorso band of 
yellow on the postcrior cdge of cach sogment, or tho last four segments 
may bo ontiroly ycllow, Tho larvac are white, naked catorpillars: Little 
is known about the lifo history of this insect. 


Badly infested trees should be cut and burned to prevent the 
insects from omorging and attacking other trees. 


Pitch Moth 
(Dioryctria ponderosac Dyar) 


This specics has beon found on native ponderosa pino in Nebraska, 
South Dakota, and California, The larvae make irregular burrows in the 
cambium region, and repeated attacks at the samo point frequontly rosult 
in the girdling of saplings or the formation of scars which weaken the 
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bole of larger trees. Trees less than two inches in diameter are seldom 
attacked. In the plantations at Halsey, Nebraska, the moth infests 
Scotch, Austrian, ponderosa, red, and jack pine. By far the worst damage 
has occurred in the Scotch and Austrian pine plantations. 


The full grown larvae are from three-quarters to one inch long. 
They are usually light brown with a darker head, and have a series of 
conspicuous, small black dots or tubercles on the body. The moths are 
blackish gray, and have across the forewings two narrow W-shaped bands 
of gray bordered with black. The wing spread is about one and a quarter 
inches. 


In Nebraska the adults emerge from late July to early September, 
and deposit their eggs singly under the bark scales on the bole. The 
eggs hatch the same season, but the young larvae hibernate in small 
cocoons spun under scales of bark, apparently without feeding. Early 
the following spring they bore through the bark and begin their burrow- 
ing. As the work progresses the exuding pitch forms in a large, 
irregular mass on the bark, The larvac transform to pupae in July, 
‘pupation taking place in the burrows, or occasionally in the mass of 
pitch. The moths emerge about three weeks later, thus completing a 
full generation in one year. The empty pupal skins remain in the pupal 
cell, instead of protruding from the exit hole as in the case of the 
clear-winged pitch moths, some species of which also attack pine. 


Infested trees are often reattackod year after year, and it is 
on these trecs that most of tho moths aro produced. The cutting of 
these heavily infosted “brood” trees, which are frequently deformed 
or broken, will reduce on infestation, This cutting should be done 
during tho winter. If tho trees are not over sevon or cight inches in 
diameter, thoy will dry out sufficiently by carly sumer, if loft in 
the open, to provent the maturing of tho small overwintcring larvac. 
In tho lightly infested trecs the larvac may be cut out with a lmifo 
at the time the pitch masses appear on the bark late in tho spring. 


Shoot and Bud Caterpillars 


Midwostern Pine Tip Moth 
(Rhyacionia frustrana bushnelli Buseck) 

The midwestorn pine tip moth attacks practically all the two- 
and three-nccdle pines, tho larvac fecding in tho buds and new growth 
shoots. It occurs in Nebraska, the Dakotas, ond Minnosota, and has 
been found in many of the isolated windbreak plantings in contral 
Nebraska. 


The larvae are yellowish with a brovm head, smooth, and nearly’ 
one-half inch long when full grown. The moths are light reddish brown, 
tho forewings somewhat mottled by darker patches. Tho wing oxpanse is 
a little more than one-half inch. 
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Iwo generations occur in Nebraska, The winter is passed as 
pupae in cocoons in the litter and soil. The moths emerge during 
April and early May and deposit their eggs singly on the needles and 
shoots. These eggs hatch in two or three weeks, and the young larvae 
bews into the new shoots near the apex. When mature, in June, the 
larvae transform to pupae in the infested tips. The moths emerge for 
the second flight in late June and the first half of July. The eggs 
of this generation hatch in from six to ten days, and in late August 
the larvae drop to the ground to spin up for the winter. In the Black 
Hills and in North Dakota only one generation is produced each year, 
the moths probably being in flight in late May and early June, and the 
larvae leaving the tips two months later, One or two larvae will 
hollow out only the buds or apex of the new shoot, but where they are 
numerous the entire shoot may be riddled with their burrows. Although 
trees are seldom killed, they are stunted and deformed by repeated 
heavy infestations, and with the less vigorous trees height growth 
may be prevented for a number of years. Troes of seedling and sapling 
size are most subject to injury, but after a height of twenty to 
twonty-five feet is attained the damage decreases. 


There is cvidencc that this pest is frequently introduced into 
isolated plantings on nursery stock, in the cgg stago. All spring-dug 
stock in nurscrics where tip moths occur, or in nurserics adjacont to 
infested native pine, should dipped in a two per cont white-oil omulsion 
beforo shipping, to destroy the eggs. Onco ostablished, the insoct is 
controlled with difficulty. Infestations may be reduced tomporarily 
by destroying the infested tips while tho larvae are still present, or 
by spraying the trees with a two per cont white-oil cmulsion during the 
Cgg-laying period. In Nebraska two applications at ten-day intorvals 
in mid-May or three applications at six-day intervals during the summer 
flight period in carly July gave a good roduction in the current injury. 
To be most effective the summor applications should be timed with the 
appearance of the first moths, the first spray being applied six days 
latcr. A parasite, Campoplox frustranoo Cush., introduced into plantations 
at Halsoy, Nebraska, from Virginia, gave good control for a time. It 
is probable that this parasite could bo used in sholterbelt plantings 
with some success, cspocially in those parts of tho rogion where two 
genorations of the tip moth develop. 


Southwestern Pine Tip Moth 
(Rhyacionia neomexicana Dyar) 


This moth is somewhat larger than tho midwestern specics, but 
causcs the samc type of injury and apparontly will attack any of the 
two-eand-three-neodle pines. It is known to occur in the Black Hills, 
in Nobraska, and throughout the Southwost. 


The full growm larvao are nearly three-quarters inch long, and 
can usually bo distinguished from those of tho midwostorn pine tip 
moth by a moro reddish color and a dark spot on the back ot the anal 
end. Tho moths have a wing spread of from three-quarters to one inch. 
The basal two-thirds of the forewings is dark gray, the outer third a 
light yellowish brown. 
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A single generation occurs annually throughout its range, the 
first moths appearing in the spring about the time tree growth begins. 
In Nebraska the moths are in flight during April and the first half 
of May. They deposit their eggs in groups on the inner surface of the 
needles, just above the bundle sheath. The early eggs do not hatch for 
three or four weeks, but the late eggs may hatch within ten days during 
warm spring weather. In general, hatching starts about the middle of 
May. Infested shoots usually contain a number of larvae, as a result 
of the eggs being placed in groups. When full grown the larvae crawl 
down the bole of the tree and spin cocoons in the bark crevices at the 
ground line, where they transform to pupae and remain until the follow- 
ing spring. In Nebraska the tips are abandoned during July. 


Control measures are similar to those suggested for the other 
tip moth. In addition it may be possible to destroy the pupae of this 
species, which are concentrated at the base of the trees in late 
sumner instead of being scattered in the litter and soil. 


HORNTAILS 


Pigeon Tremex 
(Tremex columba L.) 

The pigeon tremex is not a notably injurious insect, as it 
attacks only dead trees or dead parts of living trees. It may hasten 
their death, however, by carrying its burrows into living sapwood, 
thus spreading fungi, or by weakening the tree so that it breaks off. 
The larva bores in the sapwood and heartwood of such species as maple, 
elm, and hickory. It is occasionally injurious to trees partly killed 
by other borers. 


The adult is a wasplike insect one and a half inches or more in 
length and is related to the wasps and sawflics. Its body is dark 
& k y. 
brown, and the cylindrical abdomen is marked with circular bands of 
yellow. The abdomen of the female onds in a hornlike projection, which 
she uses to bore a hole through the bark and into the wood where sho 
o 
lays her ergs. 


The larva is cylindrical, white, with three pairs of short, 
poorly developed legs and a short spurlike structure oxtending from 
he posterior end. 


Little is known about the life history of this insect. Tho 
adults probably lay their cggs during July and August. The length of 
its life cyclo has not beon discovered. 


Trees kopt in a healthy condition and uninjured will not be 
infested by this insect. The presence of this borer in a tree indicates 
that it is in a decadent condition and unless it is a valuable tree it 
might just as woll be cut. On valuable trees the bark ovcr doad arcas 
should be removed and the wounded place paintod with a good paint. 
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ROOT-~FEEDING INSECTS 


MAY BEETLES OR WHITE GRUBS 


The May beetles, or June bugs (Phyllophaga spp.), are the 
adults of the common white grubs. The adults feed on the leaves of 
oak, ash, hickory, poplar, elm, willow, locust, hackberry, and other 
trees, and when abundant may completely defoliate a wood lot. The 
larvae, or white grubs, the stage that causes the most damage, feed 
on the roots of various plants ond are sometimes serious pests in 
forest nurseries ond forest plantings. There are many species of May 
beetles, and they are very common over the entire United States, 


The beetles are light to dark brown in color, and range in 
length from one-half to seven-eighths of an inch. The larvae are 
white, fleshy grubs with brown heads and three pairs of prominent legs. 
When at rest they curl up in the shape of a U. 


The majority of white grubs have a three-year life cycle in 
the central and more northern Shelterbelt States, but in North Dakota 
the cycle may be lengthened to four years and in the South shortened 
to one or two years. A typical throe-year cycle is as follows: The 
beetles lay their eggs in the soil during April, May, or June. The 
larvac that hatch from these eggs are small and cause little damage 
the first summer. They resume feeding in May of the second scason 
and feed until the arrival of cold weather in the fall. Thoy do the 
most damage during this season. The grubs continue to feed during 
the early part of tho third season and in July pupate in an carthon 
cell. Although the pupac change to adults the latter part of this 
season, the bectles do not emerge from the soil until the following 
spring. 


If the adults are very numerous, the shelterbelt trees can be 
protected from defoliation by thoroughly spraying them with lead 
arsenate, 2 to 23 pounds to 50 gallons of water. It is very difficult 
to control the white grubs in the soil. Young trees should not be 
planted on sites that have been in sod and heavily infested with the 
grubs. Land under cultivation is not likely to be heavily infested. 


TERMITES OR "WHITE ANTS" 


The termites, or so-called “white ants," are either wood- 
dwelling or ground-dwelling. They feed on cellulose, usually dead 
wood or wood products, but occasionally some subterranean forms feed 
on living trees, shrubs, and other plants. The barren-lands subter- 
ranean termite (Reticulitermes tibialis Banks) has been found doing 
considerable damage to seedlings and planted trees in Oklahoma and 
Texas. This species occurs principally west of the Mississippi River 
to the west coast and as far north as the latitude of northeastern 
Nebraska, The colony is located entirely in passages in the soil, 
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and the termites feed by tunneling in the roots of the young trees, 
soon causing their death, They continue to feed until the roots and 
part of the stems are entirely hollowed out and then move on to other 
trees. When a tree is small, one or two termites may cause its death 
in a few deys. Thus it can be seen how destructive a single small 
colony may become in a nursery of one-year seedlings. Where colonies 
are numerous within a nursery the problem becomes acute. 


Termites as they are found in the underground passages are 
usually delicate, white, soft-bodied insects, resembling ants except 
that the "waist" is not constricted and they are white or cream- 
colored. They usually occur in large numbers, which vary with the 
age of the colony. They avoid the sunlight, and in wood or plants 
always construct their tunnels and feed in the dark, never comin 
out into the light. 


At certain seasons of the year black, winged individuals 
appear in colonies. These winged forms usually wait until after 
the first heavy rains in the fall before swarming and establishing 
new colonies. In the southern region another swarming occurs in the 
spring. These insects usually pair off, mate, and endeavor to 
establish primary colonies. The female lays eggs which hatch in 
thirty to ninety days. The communal life is rather complicated, 
different castes such as workers, soldiers, and reproductive 
adults being represented in each colony. 


Control of termites in nurseries is yet in the experimental 
stage. However, preliminary tests with soil fumigation indicate that 
these insects can be successfully controlled without injury to well 
developed seedlings. Paradichlorobenzene crystals worked into the 
top three or four inches of soil at the rate of 33 pounds per 100 
square feet of soil surface, the crystals being kept at least two 
inches from the trees, gave good control and did not injure green ash 
seedlings treated in September at Oklahoma City, Oklahoma. <A fifty 
per cent carbon disulphide emulsion, three pints to 50 gallons of water, 
applicd at tho rate of two guarts per square foot of soil surface, also 
gave good control with no noticcable injury to the trees when applicd 
in September. These chemicals have not been tested for"injury to 
young sccdlings early in the summor, 


BARK-GIRDLING INSECTS 
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CUTWORMS AND ARMYWORMS 


Cutworms and armyworms are the larvac of the night-flying 
noctuid moths, or millors. Although primarily posts of ficld crops 
and hcrbaccous plants, they have caused considerable damage to young 
troos in the shcltorbelt strips by girdling the stems and branches 
before the foliage comes out in the spring, and lator in the season 
by defoliation. Thoy may bo divided into four kinds according to their 
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feeding habits: (1) Climbing cutworms, which climb trees, vines, 

and shrubs, usually in tho spring, to fecd on the buds, young green 
bark, and foliage; (2) armyworms, which frequcontly occur in large 
numbers and devour the vegetation as they travel togother over the 
ground; (3) garden or solitary cutworms, which cut off the plants at 
the surface of the ground; and (l) subterranean cutworms, which foed 
on the plant under the soil surface. The various species of armyworms 
and cutworms oftcn cause more than one of the above mentioned types 
of damage. Feoding in most cases takes placo at night, and during 
the day tho larvae hide in the soil, or under clods, clumps of grass, 
dried cow chips, and other objocts. 


Some of the species overwinter as partially grown larvae ond 
begin feeding during the first warm days of March and April. Others 
overwinter as pupae and occasionally as adult moths, and damage by 
these species occurs during late spring and summer when the young 
trees areé.in folinge. 


Cutworms ond armyworms can be controlled, except in the last 
larval stage, by scattering poisoned bran mash. The bate should be 
made up as follows: 


Large Small 
Quantities Quantities 
Ooores. weds bYOt.<.ie.evsasivaenenlo pounde 5 pounds (1 pk.) 
Crude arsenic or paris green...... 5 pounds l, ounces 
Molasses Or Sirupecessreees Pewsey Be gallons 1 pint 
WOUCGY sco e cisime. sss s aielela seeds ane vseee 10 tO le gals. e to 4 quarts 


The poison, molasses, and most of the water should be combined 
and then thoroughiy mixed with the bran, The solution should be 
stirred constantly while it is being applied to the bran to prevent 
the arsenic from settling out. Inough water should then be added to 
make a crumbly mixture that will just stick together when tightly 
squeezed in the hand. 


The bait should be thinly scattered over the orea at the rate 
of 10 to 20 pounds (dry weight) per acre before the caterpillars are 
full growm. In the last larval stage the larvae chew on the bait and 
foliage, but apparently they do not swallow it. Control measures 
applied when they are full grown would therefore be ineffective. Since 
the cutworms feed at night or late in the afternoon, and the bait is 
not attractive after it has dried out, on warm days it is necessary 
to spread the mash at this time. 


In dealing with the army cutworm (Chorizoprotis auxiliaris Grote), 
which is probably the most injurious cutworm in the shelterbelts, it 
is not advisable to cultivate the strips, except those that are several 
years old, until the larvae are mature. In Kansas this usually occurs 
by April 15, in Nebraska by April 30, and in the Dakotas by May 15. 
These cutworms prefer the volunteer wheat and weeds, but when deprived 
of this food they will feed on the bark and buds of the young trees, 
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If necessary to apply the poisoned bait, a small quantity, the size of 
a hulled black walnut, scattered around each tree at the proper time 
will give protection. If there is danger of the cutworms migrating 
into the strips from adjoining fields, it may be advisable to scatter 
the mash in a band approximately a rod wide around the strips. The 
general abundance of this species can be determined by searching around 
clumps of volunteer wheat or weeds in the strips or under dried cow 
chips in the pastures. In the spring of years when cutworms are 
abundant it is not uncommon to find from three or four up to a dozen 
worms around one clump of wheat or under one cow chip. The larvae 

curl up when disturbed, and this species can be distinguished from 
other cutworms by the presence of a fine white line down the middle 

of the back. The moths emerge during May or early June and disappear 
during the summer, They reappear in September and lay their eggs. The 
eggs hatch and the partially grown larvae pass the winter. There is 
one generation a year. 


A fow of the other cutworms and armyworms that are likely to be 
comuon in the shelterbelts are as follows: The dingy cutworms (Feltia 


cee 


subgothica Haworth and F, ducens Walker) ; the variegated cutworms 
(Lycophotia margaritosa saucia Hubner): the sandhill cutworm (Buxoa 
detersa Walker) in - the sandhills of Nebraska; and the yellow-striped 
armyworm or cotton-boll cutworm (Prodenia ornithogalli Guen.) south of 


Nebraska. 





GRASSHOPPERS 


Grasshoppers are primarily pests of agricultural crops, but 
during outbreaks they may defoliate and chew on the green bark of all 
species of shelterbelt and fruit trees, There are many species of 
grasshoppers, but the most important ones in the Middle Western States 
are the differential, the two-striped, the lesser migratory, the red- 
legged, the Carolina, and the clear-winged grasshoppers. 


The differential grasshopper (Melanoplus differentialis Thos.) 
is one and a half inches long, brownish or yellowish greon, more 
yellow below than above, with clear, glossy hind wings and its hind 
legs usually distinctly marked with yellow and black chevron-shaped 


bars on the sides of the thighs. 


The two-striped grasshopper (Melanoplus bivittatus Say) is 
yellowish, slightly more robust and shorter than the preceding species, 
and bears two yellow stripes down its otherwise brown back from its 
head to the ond of the wings. On the upper half of the hind femur is 
a dark, almost black longitudinal stripe. This species ranges in size 
from one to one and a half inches and has nearly colerless hind wings. 


The lesser migratory grasshopper (Melanoplus mexicanus Sauss.) 


is about one inch long, reddish brown in color, bears a distinct patch 
of black on the neck or collar, and is a strong flier. 
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The red-legged grasshopper (Melanoplus femur-rubrum DeG.) is 
small, reddish brown above and yellow beneath, with its legs tinged 
with bright red and its hind wings colorless. 


The Carolina grasshopper (Dissosteira carolina L. ) is from one 
and a half to two inches long and is usually of a plain peppereand-salt 
color, sometimes varying from gray through yellowish to distinctly 
reddish brown, depending upon the soil upon which it is found. The 
species is easily identified in flight by its nearly black hind wings 
margined with yellow. 


The clear-winged grasshopper (Camnula pellucida Seudd.) is small, 
has clear or pellucid hind wings, and the front wings distinctly 
blotched with brown, This species is distributed throughout the 
Northern States. 


The life histories of the various species of se ete grass- 
hoppers are similar. The eggs, gummed together to form "pods," are 
laid in the soil at depths of one to three inches late in the summer 
or in the fall, usually in grain stubble, meadows, and sod along ditch 
banks, fences, and roadsides. In the Southern States the eggs may 
hatch as early as February, but in the Northern States hatching usually 
does not occur until May or June. The young grasshopper nymphs resemble 
the mature insects, except that the wings are not fully developed and 
functional. Although maturity is reached in forty to seventy days, 
the hoppers may continue to feed until cold weather, There is usually 
only one generation a year. 


During the early nymphal stages the hoppers feed near the place 
where they hatch and can readily be poisoned at this time. In the later 
stages they move about in search of food and if numerous may infest the 
sheliterbelts. Considerable migration may occur following the cutting 
of adjacent fields of hay and small grain. The young shelterbelt strips 
can be protected during such migration by spreading poisoned bran mash 
in a barrier from several rods to a hundred feet or more wide around the 
strips. Several applications at intervals of four or five days may be 
necessary. During scrious outbreaks these barriers will be of no value 
against migration after the insects have developed to the flying stage. 


Tho poisoned bait is prepared as follows: 


Coarse wheat bran (free from shorts or flour).... 100 pounds 
CEA BPSCHLG. Wao ps WS am Ae 8 ale Bal ath ARE EO ee Oe Be 5 pounds 
reh 


Cane molasses (low-grade such as blackstrap)..... 1 gallons 
Retreat ea SaaS Scala gaan a Ra ee ae Oe Ae ee ee es a ears 10) to 12 
gallons 


The bran is spread on-a tighy floor of sinilar surface, to’ o 
depth of eight to ton inches. The requirod quantities of water, arsenic, 
and molasses are thoroughly mixed in a container. The solution, which 

should be continually stirred to prevent settling, is gradually splashed 
over the bran and worked into a mash with a shovel or rake until it 
contains no lumps and is moist throughout, 
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A mixture of half bran and half sawdust or, better, three parts 
bran and two parts sawdust, can be substituted in the foregoing formula, 
but this mixture is not always so satisfactory as bran alone. Most 
sawdusts are suitable if fairly fine and a year or more old. Although 
fresh sawdust from cottomyrood can be used, fresh pine sawdust is not 
suitable, Two quarts of sodium arsenite (four pounds per gallon of 
material) solution or 2g pounds of dry sodium arsenite can be substituted 
for the five pounds of crude arsenic. Five pounds of paris green can 
also be substituted, but this is much more expensive. Calcium arsenate, 
sodium arsenate, or lead arsenate should not be used. 


During large control campaigns commercial mixtures for grasshopper 
control are usually obtainable from certain stock feed mills at a 
slightly higher cost than the home-made bait. The user has only to add 
water. The commercial baits should have at least the arsenic content 
recomended in the home-made formula. 


The bait should be spread thinly and evenly at the rate of ten 
pounds (dry weight) per acre, or more heavily if the insects are very 
numerouse it should fall into flakes when scattered with the hand, and 
in this,form will be safe for use. If left on the ground in lumps, 
there is danger that livestock will be poisoned, As the mash dries it 
becomes less attractive, and it should therefore be applied when the 
grasshoppers are starting their first feeding of the day, usually early 
in the morning. The bait should be spread on a clear morning, preferably 
when the temperature is between 70° and 85°F, 


SAP=PEED ING G INSECTS 


The scale insects, of the family Coccidae, comprise a group 
that includes many dangerous tree pests. They are particularly 
injurious to shade and orchard trees, although they are sometimes 
dangerous in the forest, Their inconspicuousness, together with the 
fact that thoir work is often associated with that of other more 
conspicuous insects, has resulted in a general undercstimation of their 
economic importance. 


The scale insects are peculiar in appearance and at first glance 
do not appear to be living organisms. Most of thom are very small and 
many appear as tiny scales of wax adhering to the leaves or bark. 

Others look liko small galls, whereas still others appear to be accumu- 
lations of granular waxy material or masses of resinous exudations upon 
the trecs. The females are wingless, but the adult males of most species 
are winged. 
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The scales can be subdivided into three well-defined groups: 
(1) The armored scales; (2) the tortoise or terrapin scales; and 
(3) the mealybugs. The armored scales are flat and either oyster- 
shell shaped, pear-shaped, or rounded in outline, They cover them- 
selves with scalelike coverings composed of molted skins and waxy . 
secretions of the insect. The tortoise scales are so called because 
of their tortoisclike form. Some of this group secrete very little 
wax and are called naked scales, others are naked but have cottony 
ege sacs, while still others sccrete considerable wax, The mealybugs 
are soft-bodied and oval, and secrete a powdery wax which covers their 
bodies. This flourlike socrotion gives them their common name of 
"“moalybugs ." 


In connection with the account of each scale insect cortain 
control measures are recommended. While these mcasures are belioved 
to be reliable, and in the caso of highly valued ornamental trees and 
shrubs can be justificd economically, the cost of thoir application’ 
is rather high. In the sheltcrbelt plantings, in vicw of the large 
number of trees planted and the probable low valuc of the individual 
trecs, their protection by means of oxpensive spraying programs is 
economically quostionable. Where only one or several limbs are badly 
infested and are in danger of dying, a preliminary pruning prior to, 
or in licu of, a spraying operation might well be undertaken, Such 
pruned branches should, of courso, bo destroyed by burning. 


Armored Scales 
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Oyster-Shell Scale 
(eepiconephos uiniss;) 


The oyster-sholl scale was originally imported from Europe but 
now occurs in practically covery state of tho Union. It is primarily 
a sap fooder, often heavily infesting the bark of the limbs and trunks 
of its host ond causing its death. It commonly occurs on apple, but 
attacks a large numbor of other plants. It is destructive to many 
shade and forost treos. Among the more important trees and shrubs 
attacked are Carolina cond lombardy poplar, lilac, horsechestnut, 
buckoye, ash, cottonwood, willow, apple, dogwood, alder, almond, 
apricot, arrowwood, beech, birch, boxelder, butternut, cherry, chestnut, 
elm, hackberry, linden, locust, maplo, mountain ash, oak, tuliptree, 
and Persian walnut. 


The oyster=shell scalc, as indicated by its nome, resombles a 
miniature oystcr sholl on the bark of tho host plants. The femalcs 
are light brownish gray to dark brown, varying with the color of the 
_ bark to which they are attached. They are from one-tenth to one- 
eighth inch in length. The male scales aro similar in appearance 
but smaller. The cggs are poarly white. 


This insect passes the winter in the egg stage boneath the 
female scale. The oggs hatch carly in June (in New York,) and the 
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young nymphs crawl out from under the scales and within a few hours 
attach themselves to the bark by their beaklike mouth parts. They 

suck the plant juices and shortly begin forming their waxy coverings. 
The permanent scales are formed after about six weeks of feeding. By 
early August most of the females have attained their growth, and egg 
laying begins. They deposit from forty to a hundred eggs beneath their 
scales and then shrivel and die. There is but one generation a year. 


This scale is perhaps best controlled by dormant oil-emulsion 
spray. It can also be controlled by dormant spring applications of 
lime-sulphur at the strength of one gallon to cight gallons of water. 
In heavy infestations two or three successive annual applications may 
be necessary before the insect is satisfactorily checked. 


San Jose Scale 
(Aspidiotus perniciosus Comst.) 


The San Jose scale is one of the commonest and most destructive 
pests of shade and fruit trees. It is thought to have been imported 
from China in 1870, and now occurs in practically every State in the 
Union. It has a large number of food plants, which make control 
measures difficult. Some of the more important shade and shelterbelt 
trees subject to attack by this insect are Osage orange, wild plum, 
ash, mountain ash, catalpa, cherry, clm, hackberry, locust, maple, 
mulberry, poplar, black walnut, willow, and pecan. 


The female scales are nearly circular, slightly convex, almost 
black when small and gray when fully devcloped, with a central ycllow 
or orange nipplelike structure formed from the shed skin. They are 
about ono-sixteenth inch in diameter. The bodics are bright yellow 
with two pairs of lobes, The male scales are of the same color, but 
narrowor and smallor. The adult males are minutc, pink, two-winged 
insects, 


The partly grown insects pass the winter beneath tiny black 
scales on tho bark. In the spring they resumo feeding and reach 
maturity in May ond Juno. The females bear living young, sometimes 
as many as two hundred to six hundred over a period of six weeks. 
The tiny yollow insects crawl over the tree, and in a few hours cach 
one scettlos down, inserts its beak, and begins secreting white waxy 
threads, which in two or three days form a circular grayish scalo. 
From three to five gencrations are produced annually, varying with 
the latitude and climatic conditions. 


Lime-sulphur, at dilutions of one gallon to cight gallons of 
water whon it tests 32° to 43° by the Baume hydromoter, applicd late 
in tho spring beforc tho buds burst; is safe and offective. Oil 
emulsions have olso been used with considerable succoss. They should 
be applicd in carly spring before the buds burst but when the teompor- 
ature is 0° F. or above. Oil omulsions may damage somo trees, 
especially maple. 
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Putnam's Scale 
(Aspidiotus ancylus Putn.) 


Putnam's scale so closely resembles the San Jose scale that it 
is frequently mistaken for it. It is not nearly so destructive, 
however. it occurs over the greater part of the United States ona 
wide variety of host trees. Soft maple and linden are most susceptible, 
but it also attacks ash, elm, hackberry, locust, and a number of other 
trees and shrubs. 


The female scales are about the same shape as the San Jose scale, 
about one-twelfth inch in diamater, but they are a little darker and the 
nipplelike structure is brick red and a little to one side instead of 
being in the center. The male scales are smaller, elongate, and have 
the nipple at one side. 


The winter is passed in the partly grown stage. The fragile, 
winged males appear in April or May, depending on the temperature, and 
the females deposit from thirty to forty eggs under the shelter of the 
scale in early summer. The young hatch before midsummer, fasten 
themselves upon the bark, ond form their scale coverings. There is but 
one generation a year. 


Where artificial control is necessary, this insect can be 
successfully combated by spraying the infested trees or shrubs with a 
soluble or miscible oi] or oi1 emulsion diluted according to the 
manufacturer's recomnendations and applied in the spring before the 
buds break, With all scale insects thoroughness of application is 
essential to successful control. 


Walnut Scale 
(Aspidiotus juglans-regiae Comst.) 


The walnut scale is distributed widely over the United States. 
Although it has boen reported as killing trees, it ordinarily kills 
only individual limbs, and is not a serious pest. The walnut scale is 
not confined to Persian walnut trees, but it infests chicfly cottonwood, 
and attacks ash, boxelder, elm, linden, locust, maple, and many fruit 
trees. 


The female scale is flat, nearly circular, pale gray or yellow- 
ish, ond one-eighth inch in diameter, boing larger than other similar 
scoles. The body of the fomalo is yellow mottled with orange. The 
young scales have a habit of clustering about the mother in regular 
formation, frequently forming a circle. The male scale is smaller and 
elongated. 


These scales overwinter as adults, the female laying eggs early 
in the spring. The eggs soon hatch, and by June this brood has 
matured and the eggs for another brood have been deposited. There are 
at least two generations annually. 


ehhe 


Se 


ee 





atone sent: an pee és pay wim cai ‘dedi ova eaten etme’ nul 
a aed hier aeoony - wie gah ted potmmaeh xt Aact idtiow’-~es0o gaoda 
) eb tens ‘4 bon hon ‘ho roth: we ouoatte 7} onle Co leeets 
te god lent ove. wo Laon, fam? taduse ody of gubed 
‘ i Po Gtk 4 44 : + weeks “EI oe gegha egé 


ins 









ie atten ps ag rt eis sani ati si poapeg eh, yo? ne oot? 
3 gy A: oon Iysthoscqed US? to Ligh al saeqye cole bogitiw 
at? ‘to eodl ene gga cea page YrRo%. oF giatds owed Shaoqad seleno? afy 
caked spose’ da opie’ Agtad query oT... tered wisae at oleos 


cal BA. reall Fss.comnin piane pees eet Drie Sad ede gt sevioanuad? 
SH A sodaarseray xe 


coe a 


ak bt decass, « alte oetagaaey. 4 ae boise hetoitivea » On 
a the gdyate %O-s58R8 hadaotak sit gaiyctge we boduvdens ie LEHSVCs 


gad GP gpalguoncn bedwhah ankeline- Lk ‘go tho. efdionta acdaies 
ee mo'lod arttge sie of Soh aye Bryn Bi pe reotyrr iG ror a? yetente shag 
eh onkteek! gas to nopelyroyosk atoseat afaoy tin deiW  gtaord aby 


Lande ih enlien ts be. taktasese 


ip Aad iy atiet Sestak se wy 
{.daew0 “ ostyoremnay (Qu eset toiqud) 


seotnit frodtibelt aia fore ofonhw hotiniindedh at laws gualew aft 


ad 


eltia pit akine #2 ,auated-qaiiiil so hetrogee peed anf > ‘beg di 
gi wisps dumiew sn? -.dacg soobter a.Jom af bor edn Lombtvhiek tie 


Raomeking yflaide atawtek ‘Pi tit ,seane duttLew AedetoT of Sontag. Jou 
Shire, _ bets wahage sauna’ testo onie eer baad Smee, tae 


-* 
iv 








parr es. Tr yy ‘okay csolaphiire aielt. ad. puiie: seit att 
anddaia tAto inthe ‘anyxek gated .sattemati xf seat pisigicensne, bapa gfe 
OME: ae pee aot ow seitoon atk Long Oh er at %e- pdt steal 
rok sala ‘stonin = oe 

















Thorough spraying with the standard lime-sulphur solution, one 
gallon to eight gallons of water, before the buds open in the spring 
will check the damage of this scale. Applications of miscible oils 
according to the manufacturer's directions will also control the 
scale on most host plants, but dormant strength oils should probably 
not be used on maple or black walnut, because of the danger of injuring 
these trees. 


ine Needle Scale 
(Chionaspis pinifoliae Fitch) 


The pine needle scale is a native insect which attacks the 
needles of pines, firs, and spruces throughout most of the United 
States, Where very abundant these scales materially weaken the trees, 
making them more susceptible to attack by other insects, but they are 
also capable of killing trees outright. It attacks particularly 
ponderosa, digger, sugar, white, lodgepole, Monterey, Torrey, red, 
Scotch, and Austrian pines. It also attacks Douglas fir, white fir, 
and spruce. 


The mature female scale is white, one-tenth inch in length, flat, 
and either narrow or rounded, depending on the shape of the needle to 
which it is attached. The male scale is also white but smaller, being 
one-twenty-fifth inch in length, elongated and narrow. 


This scale overwinters in the egg stage. The eggs are reddish, 
and thirty to fifty of them occur beneath one scale. They are laid in 
the fall and hatch early the following summer. If temperatures are 
low, the young nymphs remain beneath the scales until warmer days occur 
and then migrate outward and settle on the needles. In warm regions 
there are two generations a year, but in the north there is but one 
generation. 


When the nymphs are small they can usually be controlled by two 
applications of ho% nicotine sulphate, one part to 500 parts of water, 
to which about 1/2 of one per cent of soap flakes or liquid soap (four 
pounds to 100 gallons of solution) is added, Lime-sulphur spray, one 
part to seven parts of water, may also be used, A 2% summer white-oil 
emulsion may be used on pine, but it should not be used on spruce. 
These sprays should be applied at the time of hatching. 


Elm Securfy Scale 
(Chionaspis americana Johns.) 


This scale is distributed from Massachusetts to Minnesota, 

Kansas, and Texas. It is often found on American elm, and it also 
occurs on the Camperdown elm and the pendula variety of the American 
elm, At times it becomes abundant enough to kill the smaller branches 
and cause the trees to appear ragged. In serious infestations it may 
kill young trees outright. The females are confined to the bark and 
may be found over the trunk, limbs, and smaller branches. 
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The pear-shaped female scale measures from one~twelfth to one- 
eighth inch in length, and is white, gray, or sometimes yellowish, but 
often blackened by sooty mold. When removed from the bark a conspicuous 
white mark remains. The male is narrow and white, with parallel sides. 
It is scarcely one-twenty~fifth inch in length. The male scales may be 
found both on the bark and on the underside of the leaves. 


he insect passes the winter in the egg stage beneath the scales 
of the female. The eggs are purplish and occur in groups of twenty to 
seventy. They hatch in the spring. There are probably two generations 
a year. 


A nicotine sulphate spray applied soon after the ecgs hatch, 
probably early in dune, should control this scale, and dormant- 
strength oil-emulsion or miscible oil applied during the dormant 
season, preferably in spring, should give good control. 


Scurfy Scale 
(Chionaspis furfura Fitch) 


The scurfy scale is a native specics that may infest black walnut, 
elm, hawthorn, horsechestnut, mountain ash, white ash, willow, and 
other trees. It is widely distributed in the East from Canada to 
Georgia and westward to Kansas, Idaho, and Utah. When the scale is 
abundant, it coats the branches, giving the bark a grayish or scurfy 
look. The tiny insects suck sap and weaken the troes. 


The female scale is a dirty gray color cnd pear-shaped. The male 
is smaller, snowy white, and long and narrow. 


Like many of the other scale insects, this species passes the 
winter as purplish-red eggs beneath the scale of the female. The eggs 
hatch in early summer, and the young settle dovm on the bark, insert 
their beaks, and feed. They soon become covered with the white scales, 
which are formed from a waxy secretion. By early fall the females 
complete their growth, lay their eggs, and die. In the Northern States 
there is usually but one generation, but in the South there ore at least 
two complete generations. 


The control for this pest consists in the use of an oil spray 
or lime-sulphur at dormant strength in the spring before the buds open. 


Willow Scale 
(Chionaspis salicis-nigrae Walsh) 


This common willow scale is widely distributed over the United 
States from the Atlantic to the Pacific coast. The twigs, branches, 
and trunk of the host are attacked, occasionally with such severity as 
to cause death of parts of, or the whole tree. It prefers willows but 
also attacks alder, maple, poplar, tuliptree, dogwood, and shadblow. 
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This is the largest of the seurfy scales, measuring from one-~- 
tenth to one-sixth inch in length. The female scale is often pear- 
shaped, always broadest near the middle, and is white, The mile 
scale is long and narrow and snow white. 


This insect overwinters as purple eggs beneath the scale of 
the female. The eggs hatch in the spring and mature in about two 
months. In Colorado there are two generations each year. 


The safest material to use against the willow scale is lime- 
sulphur. It should be applied as late in the spring as possible, 
just before the buds burst. Dormant-strength lime-sulphur, one gallon 
to eight gallons of water, should be used. Follow-up applications 
should be made for two or three seasons to clean up an infestation. 


Tortoise Scales 


a ne ae 


Pine Tortoise Scale 
(Toumeyella numismaticum Pettit and McD.) 


The pine tortoise scale is a serious pest of jack pine and 
Scotch pine. Heavy infestations may result in the death of many 
trees and seriously weaken others. This scale has been reported 
from Michigan, Wisconsin, Minnesota, and Nebraska. Infested trees 
may be detected by their coal-black appearance, caused by a sooty 
fungus growth which establishes itself on the honeydew produced by 
the insect. 


The scales have the appearance of miniature tortoise shells on 
the infested twigs among the needle bases. They are comparatively 
large and soft, convex, rounded, and reddish brown. 


The females overwinter in the half-grown stage in Nebraska. 
The males emerge from their white cocoons in the fall. Eggs are laid 
in the spring and the nymphs (crawlers) appear in early June. There 
is but one generation a year. 


Cutting out infested trees has been practiced in an attempt 
to eradicate this scale from a small area in the Nebraska National 
Forest. A spray of 2% summer white-oil emulsion, applied while the 
crawlers were present gave fair control, with no noticeable injury 
to the trees. A 2% miscible oil applied before the growth appears 
in the spring is reported as giving successful control in Wisconsin, 


Cottony Maple Scale 
(Pulvinaria vitis L.) 


The cottony maple scale is among the most conspicuous of the 
group and on occasion may be considered among the most destructive. 
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It is noted for its sudden appearance in great numbers in a given 
locality. It is a native insect and occurs throughout most of the 
United States. It appears to prefer silver maple and basswood, but 
also occurs on the Norway maple, sugar maple, boxelder, alder, beech, 
buckeye, elm, hackberry, hawthorn, linden, locust, honey locust, 
mountain ash, mulberry, oak, Osage orange, sycamore, willow, and many 
fruit trees. 


The scale is of the unarmored, soft type and a rather large 
species, ‘shen mature the females are one-quarter inch long, convex, 
and brown. When the large cottony egg sacs are formed, the scales 
become very conspicuous, and they are most easily noticed at this time. 
The eggs are reddish yellow and are contained within the sacs. There 


is but one generation a year. 


The fertilized immature females overwinter on the twigs. They 
mature early in the spring and lay their eggs in May in the latitude 
of Washington, D.C, They hatch in late May or early June, and the 
active young nymphs settle on the leaves. Fertilization occurs in 
August, and the immature females migrate to the twigs. 


The use of the safer miscible oils in the spring before the 
buds open will undoubtedly control this pest, They should be used 
as directed, usually one part to fifteen parts of water. Maple are 
susceptible to injury by oils, and care should be taken in applying 
the heavier,oils to these trees. Summer spraying with nicotine 
sulphate, one part to 800 parts of water in which some soap has been 
dissolved, will also control this scale if the young are reached. 


European Fruit Lecanium 
(Lecanium corni Bouche) 


This imported European scale now occurs over the entire United 
States. It is considered the commonest and most injurious member of 
the genus. Besides many of the fruit trees it attacks oak, ash, linden, 
beech, boxelder, chestnut, elm, locust, magnolia, poplar, willow, 
butternut, hickory, waluut, maple, and others. The insects feed on 
the leaves and twigs, killing them when abundant. 


This insect is found in a variety of shapes, sizes, and colors. 
The typical form is almost hemispherical, slightly longer than broad, 
smooth, of a shiny brown color, and from one-eighth to one-fifth inch 
long. They are often crowded on the undersides of small twigs so that 
they overlap. The male scale is delicate, whitish, nearly transparent, 
flot, thin, and much longer than wide. 


The females overwinter in the partly grown stage on the twigs 
of the previous year's growth. They mature in early summer (May in 
New York) and lay large numbers of white eggs. Hatching proceeds for 
about two months, and the young migrate to the leaves, where they 
settle on the undersides along the midribs and veins. In late summer 
they migrate back to the twigs. There is but one generation a year. 
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Control consists in the application of oil emulsion or miscible 
oil during the winter months, when temperatures remain above freezing 
for a day or more. Miscible oils, one part to fifteen parts of water, 
applied late in the spring just before the buds open, give good results. 


Meolybugs 


European Elm Scale 
(Gossyparia spuria Mod.) 


The European elm scale is an introduced pest which has become 
widespread over the entire United States. It has been especially 
severe in this country because, like most imported insects, here it 
is free of most of its natural enemies. This scale attacks all 
species of elms, especially American elm, European elms, slippery elm, 
and corkbark elm. It attacks the trunks and limbs, killing small and 
large branches, and even young trees. Older trees are seldom killed 
but are often much weakened, 


The adult females are readily recognized by the white, cottony 
fringes or rings around the oval, dark reddish-brown bodies, which are 
about one-twelfth inch lang. They are eften crowded on the bark so 
thickly as to be very conspicuous. The young are covered with a thick, 
powdery wax, giving them the appearance of "mealybugs." The males are 
very small and of two forms, the winged and the wingless. 


The insect overwinters as second=stage, gray, oval nymphs in 
crevices of the bark, They reach maturity early in the spring, and 
the females lay their eggs, from which the young hatch late in June 
in the latitude of Ohio. They settle on the leaves and suck out the 
juices, but during late August and September the young migrate frem 
the leaves and settle in crevices of the bark. Some fall with the 
leaves and die, while others are blown with the leaves and probably 
crawl up and infest other trees. This scale is single-brooded, but 
it is exceedingly prelific and is a severe pest of many species of 
elm trees. 


Control measures consist in the application of miscible, 
distillate, or crude oil sprays while the trees are dormant by means 
of power spraying outfits. Early in the spring before the buds break, 
the application of a miscible oil, one gallon to fifteen gallons 
of water, will give govwd control. Water under high pressure will wash 
the insects from small trees, but the use of oil sprays is more 
satisfactory. 


APHIDS 


Because of the vast number ef species of aphids and thoir power 
of rapid multiplication, they have an economic importance almost as 
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great as the scale insects, Aphids are injurious to all forms of plant 
life and may be found on the bark, leaves, blossoms, fruit, and roots, 
Most of them cause no hypertrophies on the host by their feeding; ‘ 
however, some produce large, warty outgrowths on the bark, while others 
produce curling or pseudogalls and true galls on the foliage. fn feed 
ing they extract the juices from the plant tissues, and this results in 
the abnormalities already mentioned and in the drying up and weakening 

of the whole plant. Many aphids are also responsible for disseminating 
fungi ond other plant diseases. Most species excrete honeydew over the 
host plants, which is eaten by flies, ants, and bees, 


Although aphids vary considerably within the group, the general 
characters are so constant that they are easily recognized. They are 
small, delicate, soft-bodied creatures, often green or dark in color, 
and wingless or winged. Certain species are coated with a white, 
cottony wax, and are known as woolly aphids. When wings are present, 
they are two-paired, light, membranous, and in most species meet roof-= 
shaped over the body when at rest. 


Aphids are rather sluggish insects, usually resting in one spot 
on the host plant, where the mouth parts are inserted, but when disturbed 
or seeking better feeding places they withdraw their mouth parts and 
move about. Most species feed in colonies, often completely covering 
a portion of the host. The winter is passed in the adult, nymph, or 
egg stage, usually on some host plant. In the spring the eggs hatch 
into "stem mothers," which are wingless and capable of producing living 
young without being fertilized, Reproduction is rapid and enormous 
numbers may result from a single female during one season, There are 
usually many generations annually. 


Some of the aphids that affect trees planted in the Great Plains 
States are as follews: The elm leaf aphid (Tuberoulatus ulmifolii 
Morell); the wooly elm aphid (Eriosoma americanum Riley); the elm 
cockscomb gall Ji the Sah Sot ulmicolo Fitch); the bolelder aphid (Periphyllus 


negundinis Thos, he ash aphid (Pemphigus SS Riley); the 


petiole leaf gall (Pemphigus populicaulis itch), on poplars; the leaf 
stem gall (Pemphigus ‘populitransversus Riley), en cottonwood; and the 
vagabond gall (Mordwilkoja vagabunda Walsh), on cottonwood, 


Aphids are readily controlled by spraying with a contact 
insecticide. These sprays should be applied as soon as the aphids 
appear, to prevent the building up of a large population, A nicotine 
spray may be prepared by mixing one pint of 0% nicotine sulphate, 
three to five pounds ef fish-oil soap or soap flakes, and eneugh water 
to make 100 gallons. An oil spray consisting of one gallon of miscible 
oil, seven pounds of fish-oil soap, and sufficient water to make 100 
gallons, should also be effective. Pyrethrum and derris compounds have 


‘also been used successfully against these insects, The directions for 


aphid control given on the container of the insecticide, should be 


followed, PROps Ae 
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RED SPIDERS OR 0 TES 


There are several species of red spiders, or mites, that attack 
various evergreens and hardwoods, Although they are not true insects, 
being more closely related to the spiders, they are included here 
because control measures used against mites are similar to those used 
against certain insects. The mites have four pairs of legs and are 
very small, the immature forms of some species being so small that they 
cannot be seen with the naked eye. The injury to the host is usually 
noticed before the mites are seen, They suck the juices of the plant 
and cause the leaves to turn yellow or brown, and often te fall. Over 
@ period of years the mites may kill the host or severely weaken it 
and make it susceptible to borer attack. 


The common red spider (Totranychus telarius L.) is very widely 
spread and attacks a number of plants, including evergreens, hardwoods, 
and herbaceous plants. Individuals vary in color from brick red to green 
or yellow. The winter is passed in cracks in the soil or beneath clods 
and objects on the ground. They become active with the coming of warm 
weather in the spring and lay their spherical, yellowish eggs on the 
leaves of the host plants. One generation is comploted in two weeks and 
by midsummer they are very abundant. 


The spruce mite (Paratetranychus uniunguis Jacobi) attacks spruce 
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and possibly other conifers. The species passes the winter in the egg 
stage on the small branches of the host. These reddish spherical cggs 
hatch in tho spring into light green mites. About soventcen days is 
required for tho development of one goncration. The foliago of infested 
trees is covered with vory fine silk. The lower branches lose their 
necdles and die first. 


There aro many other specics of mites, such as Eriophyes ulmi Garn., 
which attacks elm, and Eriophyes fraxiniflora Fclt, which attacks the 
flowors of ash, and some spocics that cause galls to form on tho small 
branches. 





Mites are more difficult to control than some insects. Some of 
the common recommendations are as follows: 


Dissolve one to. one and a half pounds of glue in ton gallons of 
water ond spray on the foliage. Tho gluo should first be dissolved in 
hot water and then strained to take out the lumps. It may be ncocessary 
to make several applications for complote centrol. 


Summer white oil applied at a dilution recomnonded on the 
container is cffective against the young mites. Since this insecticide 
does not kill the cggs, it may bo necossary to make threc applications 
at weekly intervals. This material should not be used on spruce, as 
thore is danger of burning the foliage. 


Commercial limo sulphur applicd at the recommended summer strength 
Bed a finely divided sulphur applied as a dust are BRO rEs 
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